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FOREWORD 


Trees’ lives and men’s lives are inextricably interwovffli. Without 
trees man would never have advanced from savagery; indeed, he 
might never have existed at all. Our complex modem civilizations 
rest on trees as solidly as a house rests on its underpinnings. 

Most of us are aware of the usefulness of trees and many of us 
appreciate their beauty, but not all of us realize that they need to 
be cared for intelligently and systematically, quite as mudi as auto- 
mobiles or teeth or children. Too many persons still regard a tree 
as something put there by Providence and therefore able to fight 
its battles without our help. 

Actually, the need for tree care is increasing, not diminishing. As 
population grows, trees are damaged and destroyed. Communities 
expand and highways proliferate at the expense of the original in- 
habitants — ^the trees. 

The first step in the preparation of a building site is the clearing 
of the ground. Cities and trees are thus antagonistic in principle 
and purpose. The few trees which manage to survive die onward 
and outward march of a metropolis and those whidi are later 
planted in atonement for original sin grow under conditions far 
less favorable than trees growing in their native woods. Hence, die 
need for care is greater. 

Anyone with the good fortune to own a grove of trees or a few 
specimens, or even a single tree, has a moral obligation to give them 
the best of care. Some of that care the owner can supply himself. 
Many times, however, he needs the services of a [ffofessional arbor- 
ist. The present book should help him to detem^e how much he 
himself can do and how much he should hire done. 
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FOREWORD 


Mediods of tree care are being revolutionized by recent findings 
in die fields of antibiotics, plant hormones, organic insecticides, 
and diemotherapy. As new substances are tested and techniques 
are improved, treatments for tree troubles are constantly modified. 

This does not mean that basic principles have in any way been 
invalidated. What may be called die mechanical aspects of tree 
care, such as planting, bracing, pruning, and cavity repair, have 
altered litde in the last ten years. But the chemical aspects of treat- 
ment for diseases have changed radio^y. 

This book has been written for tree owners. Its aim is to present 
the basic principles of tree care in the light of modem knowledge, 
and to bring within the limits of one volume the important new in- 
formation that has hitherto been scattered through publications for 
the specialist. 

Having freely given these acknowledgments, the author wishes 
to express particular gratitude to his original source material: the 
trees themselves, the many wonderful, unsung, anonymous trees 
which down through the years have felt the touch of his hand and 
supported the weight of his body. 
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I 


STRUCTURE AND 
PHYSIOLOGY OF THE 
TREE 


A TREE, like a rosebush, a cornstalk, a dandelion, or a sunflower, is 
a plant, resembling these other plants far more than it differs from 
them, even though at first sight it may not seem to do so. In all 
essential points a sunflower and an oak tree are alike; both consist 
of a spreading root system, an upright stem, and a multiplicity of 
leaves; both produce flowers, fruit, and seed; boffi are noiuished 
by the same elements; both respond the same way to their environ- 
ment; both reproduce according to the same mechanism; both live 
their appointed span and die. Actually, in the eyes of the botanist, 
the oak tree is less highly evolved than die sunflower, and the red- 
wood is far less advanced than the dandelion. 

If we could understand all the laws governing the existence of 
a grain of sand, wrote Einstein, we could understand the universe. 
Similarly, we may say that if we understood perfectly the structure 
and physiology of the humblest of created organisms — ^tiie micro- 
scopic one-celled plants — we would understand equally well the 
workings of the largest and most imposing monarch among the 
sequoia groves. So insignificant is mere difference in size when 
regarded from a strictly scientific standpoint. 

Yet in spite of aU this, trees remain differentiated from the rest of 
plants in several important respects. In an artistic, inspirational, 
and practical sense trees belong in a world apart. They are the 
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predominant feature in any landscape. Th^ preempt the eye of 
the beholder and by their very size force themselves upon his 
attention, ^lly-nilly, while smaller plants are passed unnoticed or 
crushed underfoot 

Trees are distinguished from other plants mainly because of 
their size, their hardness, and their longevity, although none of 
these factors belongs exclusively to them. Some kinds of bamboo 
and many kinds of vines are as t^ as or taller than the average tree; 
some kinds of shrubs possess parts alniost as hard and woody; many 
kinds of perennials live as long or nearly as long as some trees. 
Nevertheless, it is the combination of these three factors — size, 
woodiness, and longevity — diat makes up our conception and defini- 
tion of a tree. Few other kinds of plant can approach the life span of 
some of the oaks, which frequently exceeds 500 years, or of the slow- 
growing yews, of the Douglas firs, of the millenniary olives of Jerusa- 
lem, to say nothing of the redwoods and giant sequoias and the 
immensely old ahuehuetes (cypresses) of southern Mexico. Nor 
can any other plant equal in size and dignity the oaks, the firs, the 
pines, the eucalypti. What other plant, for example, can spread 
itself out like the Indian banyan-tree, a single spedmen making 
a small forest; or what plant can soar upward with the amazing 
verticality of a redwood or a eucalyptus, some species of which 
approach 400 feet? Nor ohn any other plant equal in hardness or 
durability^ the ebony, the polo de BrasU, the quebracho, or the 
lignumvitae. 

Among the various definitions of a tree essayed by various writers, 
none is perfect, although most of them are approximately correct. 
To mention a few: 

“A tree is a woody perennial." 

"A tree is a plant of at least 15 feet in height with a single trunk." 

“A tree is a perennial plant with woody stem and boughs.” 

And the writers own definition: 

"A tree is a plant that stands of itself and can be climbed in.* 

^ The very word durabUity is derived from a Greek word meanine oak tree. 
(Wyld: Thie Universal Dictionary of the English Language. See tuso dryad, 
druid, tree.) 
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This last definition is perhaps the best, since it incorporates 
the one feature that at once serves to distinguish a tree from any 
other plant in the minds of all those not burdened by dictionary 
definitions — ^the fact that it can'be dOimbed in. Many vines may be 
climbed up but not in; nor do they stand of themselves. Many shrubs 
and reed-like things grow tall but cannot be climbed in. But once 
a plant has acquired the necessary size, shape, and rigidity to 
permit men (or boys) to climb about in its branches, then it is 
unequivocally a tree. 

From the time they germinate until the time they die, trees are 
inescapably rooted to one spot. Except in the relatively fe'w cases 
where gardeners transplant them or the even rarer cases where 
a river may undermine a small island of them and carry them 
downstream to a new lodgment, trees never move. Their cradle, 
their nursery, their playground, their workshop, their marriage 
bed, their grave, are one and the same spot. Hence they are, far more 
than anim als, creatures of their environment. In a sense they are 
a living incorporation of their environment and cannot be under- 
stood unless the environment is understood also. 

A tree is composed of a root system, a central stem or trunk, a 
series of ramifying and graduated limbs, branches, and twigs, a 
canopy of leaves, and reproductive parts which form, or assist in 
the formation of, fruits and seeds. 

ROOTS 

The root system serves two purposes: to support the tree in posi- 
tion and to take in water and dissolved minerals needed for growth. 
Roots divide and ramify like limbs; just as the leaves are found 
most abundantly at or near twig tips, so the tiny root hairs are 
most abundantly found at the root tips. The large muscular roots 
occurring near the base of the tree serve mainly as conveyors and 
as anchors, while the rootlets and the fine root hairs (in function 
like the villi of the human intestines) provide the actual contact 
between the tree and the soil. (That is why when a tree is being 
transplanted, the root hairs should not be allowed to dry out. If they 
do, , the tree will remain dormant until it develops new ones.) 
Through these millions of root hairs many hundreds of barrels of 
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water are daily absorbed out of the ground and conveyed — ^by 
some mechanism not yet thoroughly understood — up through the 
trunk and out to the very tip of the farthermost twig, part there 
to be used by the leaf in its fabrication of food and part to be 
transpired into the air. Unbelievable as it seems, more water is 
evaporated over a square mile of forest than over a square mile 
of ocean. (Think for a moment of the overlapping arrangement 
of leaves and their thousands and thousands of surfaces. ) Through 
these same rootlets, dissolved minerals pass into the body of the 
tree to participate in its wonderful chemistry, but in quantities so 
small that the largest tree when burnt yields only a very small pile 
of ashes. 

In general the root system of a tree corresponds with the branch 
spread, so that as far as the branches go, so go the roots. In many 
cases, however, they go farther, freed by lying in the soil of the 
mechanical difficulty of a limb in supporting great weight from a 
distant fulcrum. In no cases do the roots go as deep as the limbs 
go high.® A vertical section of an entire tree would reveal below 
ground a kind of foreshortened duplication of the limb structure 
above it. 

As difiFerent kinds of trees do not have the same branch pattern, 
neither do they have the same root patterns. Some trees, like the 
pecan, have a long taproOt that goes almost straight down for a 
considerable distance, in addition to a certain number of lateral 
roots. Otiier trees, like the elms, have lateral roots only, extending 
very widely in all directions. Still others, like the hackberry, may 
or may not have a taproot, according to the kind of soil they grow 
in. According to their root structure some trees are very easily 
uprooted, toppling over in every high wind; others cannot be 
pushed over by bulldozers. In all cases, however, whether a tree 
has a taproot or not and whether its anchor roots are deep or 
shallow, the majority of its feeder roots are to be found widiin 
a foot or foot and a half of the siuface, for it is here that the soil 
is the richest and the ventilation the greatest. (This explains why 
when a tree is artificially fertilized, the fertilizer is placed in holes 
made at a depth of about a foot or a foot and a half, not at a depth of 
four, five, or six feet, nor merely spread about the surface.) t 

® Except in the case of certain desert trees, as the mesquite and the sweet 
acacia, where, iceberg-like, there is more tree underground than aboveground. 
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In addition to food and water, roots must have air. A tree diat 
grows up in a certain locality has its roots adapted from infancy 
to that particular kind of soil and to the amount of air and water 
there available. When the soil level covering the roots is changed — 
either increased or decreased — ^the tree suffers; if the change is too 
abrupt, it dies. Great harm is often done to trees where houses 
are being built by filling in dirt around them in an attempt to 
change the contour of the land. Unfortunately, the kind of fill used 
in such cases is usually the kind dug out to make basement excava- 
tions — a heavy, clayey, non-porous soil through which neither air 
nor water can pass — the very worst kind possible. Tree roots dms 
covered are literally suffocated, the tree s slow decline and eventual 
deadi is the inevitable result, unless the tree is young and vigorous 
enough to develop new roots near the new surface. The case is 
known of a California redwood that after being covered with 40 
feet of fill managed to develop a whole new set of roots near the 
surface; the new roots and the remains of the old ones were dis- 
covered by excavation incidental to building a road skirting the 
tree. Such cases, however, are exceptions, few trees having the 
regenerative vigor of a redwood. 

Roots are important as soil binders and soil conditioners. Their 
fine network is the primary factor in preventing wind and water 
erosion, which unchecked would in a few years make the earth 
one vast desert. The roots hold the soil; the cast-off leaves from 
above enrich it and mulch it. The roots also work incessantly to 
change the soil as well as to bind it. Mechanically they split rocks, 
forcing themselves into the tiniest crevice, then expanding with 
resistless pressure. Chemically they break down the soil, enzymes 
that are produced by the growing tips dissolving fragments of the 
hardest rocks as stomach enzymes break down the fibers of the 
toughest meat.® 
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Another kind of root is exemplified by the aerial roots of the 
banyan-tree of India and various otha- tropical species of Ficus 
or fig, such as the higuerones of Mexico. On these trees adventitious 
roots develop from the trunk or frOm the limbs, grow downward 
until they make contact with the grovmd, then thicken to form post- 
like supports that enable the tree to extend itself over very wide 
areas. Some of the Indian trees are said to cover acres, a single 
tree being composed of a multiplicity of trunks, each of which 
began as a slender aerial root. Similar aierial roots, on a much smaller 
scale, may sometimes be observed on temperate-zone trees. For 
example, the hackberry not infrequently develops adventitious roots 
that grow downward through the tree’s own decaying center. Such 
roots sometimes develop to the degree that they split the weakened 
parent tree apart. The writer has a photograph of one such hack- 
berry from which a root grew down through the trunk’s central 
cavity, established itself in the ground, and stiffened and enlarged 
so much that it came to replace the rotting trunk as the tree’s 
means of support. 

Other trees may develop adventitious roots when their environ- 
ment is accidentally changed. The limbs of some kinds hf trees, such 
as the willows, will sprout roots if covered by soil; other trees 
grow roots from the trunk, as already pointed out, when covered 
by fill. On the other hand, the roots of some trees are capable of 
producing twigs and leaves if accidentally exposed to the air: this 
may be seen when overturned trees, with half of their roots sticking 
up into the air, develop lusty leaf sprouts from the former roots. 

The roots become active in the spring several weeks before the 
upper part of the tree shows signs of life. If it were not for their 
initiating activities, the leaves could not develop nor new twig 
growth appear. On the other hand, they could not thus function 
if it were not for the quantities of reserve food stored in their tissues. 
Like a prudent merchant, a tree always manages to keep a certain 
amount of reserve food ahead against any possible emergency, 
storing nourishment in its ample bulk as a camel stores it in his 
hump. Even the seed consists of a minute embryo and two com- 
paratively immense cotyledons, providing large amounts of pre- 
fabricated food until the seedling can establish itself and produce 
on its own account. 
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TRUNK 

At first sight the stem, or trunk, of a tree would seem less com- 
plicated than its root system, ‘being merely a post to hold the 
top in the air, or a connecting link between roots and branches. 
Actually, however, its structure is as complex as that of any other 
part of die tree, as we shall presendy see, its apparent simplicity 
being the result of nature s economy of effort, compressing into the 
smallest possible space and the simplest form a variety of functions. 

To begin with, we might ask why the trunk is round (that is, 
cylindrical) instead of square, rectangular, ovate, triangular, or 
any other shape. A forest of I-beams or two-by-fours or conical 
trunks is quite within the realm of possibility. Why, then, has 
nature been so obsessed with the cylinder? Why are all tree trunks, 
all limbs, and nearly all twigs cylindrical rather than quadrilateral 
or something else? Nature, master engineer and master geometri- 
cian, is not likely to have made a mistake and to have perpetuated 
diat mistake some 100,000,000 years. 

The advantages of the cylinder are many. In the first place, it 
contains more volume in proportion to its outer dimensions than any 
other known form; that is why we (imitating the tree trunk) make 
hot air pipes, steam pipes, natural gas pipe lines, and all other 
structures intended for the conveyance of liquids or gases, cylin- 
drical. 

Secondly, for sustaining weight the upright cylinder is the most 
eflBcient structure known; that is why in building wc make so much 
use of pillars, columns, shafts, and cylindrical underpinnings. 
In young trees and in shrubs and floweiing plants the strongest 
elements of the stem are distributed evenly around or near the 
outside, while the interior remains pithy or in some cases hollow. 
No other arrangement of a given amount of material could make 
the stem so strong; the same amount of material recast into a 
solid rod or a solid or hollow prism would be unable to sustain 
the same amount of weight. Old trees, whose heartwood may have 
rotted out entirely, are still capable of supporting an enormously 
heavy superstructure because of the fact that the remaining sound 
tissue is arranged in the form of a hollow cylinder. 

In the third place, the cylindrical form gives die tree a certain 



8 


TREE CARE 



CROSS SECTION OF TREE TRUNK Outer bark, inner bark, repre 
sented by the dotted ring, cambium layer, greatly exaggerated m width, 
aimual growth rings, in concentric circles from cambium to pith, sap- 
wood, the outer section of the wood, heartwood, the older, more con- 
centrated growth, pith, at the very center (shown here though not 
usually present m a mature trunk) 

advantage against mechanical injuries to the bark. Since the vital 
parts of the trunk — ^tiie phloem and the cambium — are arranged 
in a ring near the circumference, destruction of this layer by 
complete girdling means death to the tree. Although at first sight 
it may not be apparent, this vital region would be more ^sily 
destroyed by animals rubbing against it or chewing on it or by 
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various forms of human abuse if the shape of the trunk were 
quadrilateral, triangular, or anything else but round. A heavy 
animal rubbing against a flat side would almost certainly destroy 
the tender tissues along that whole side, on a young or thin-barked 
tree; four such operations would kill the tree were it quadrilaterally 
trunked. Any blow falling on a straight side is likely to extend itself 
across the entire area. On the other hand, any blow falling on a 
curved surface will strike it tangentially, affecting only a small part of 
the whole. Any one knows it is easier to saw or plane a straight 
surface than a curved one. To girdle a round trunk demands a 
conscious effort. The fact that certain rodents accomplish it is 
merely the exception that makes the rule more striking. Many men 
who set out deliberately to girdle trees often defeat their own 
ends by leaving part of the circle uncut, for a single continuous 
verticle strip of the inner bark, even though only one inch wide, 
can sustain life while new growth repairs the damage. 

The trunk is composed of outer bark, inner bark (phloem), 
cambium tissue, sapwood and heartwood (xylcm), and vascular rays, 
each part having a definite and distinct function. 

OUTER BARK 

Of these parts the outer bark is the least important, being 
largely dead tissue, cracked and molded into characteristic forms 
by the pressure of the constantly expanding trunk. The outer bark 
serves as a kind of buffer between the interior parts of the trunk 
and the outside world. Often thick, sometimes corky, it partly pro- 
tects the trunk from mechanical injuries, from the teeth and claws 
of animals, and from insect damage. It also protects the tender 
inner bark and cambium from drying out, from the direct rays of 
the sun, and, to a certain extent, from cold. As it weathers off or 
is worn off on the outside, it is constantly replenished on the 
inside by the activity of the cork cambium, a layer of embryonic 
cells between outer and inner bark. On some trees, as the sycamore, 
the eucalyptus, and the madrone, the outer bark does not long 
remain attached to the trunk, falling off in shreds or tube-like 
sections (although in older trees a clearly marked section of outer 
bark builds up along the lower part of the trunk). The trunks of 
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suc^ trees are slick and smooth, white on the sycamore, creamish 
on the eucalyptus, a beautiful pink on the madrone. On the 
majority of trees, however, the outer bark forms into very char- 
acteristic furrows, ridges, bosses, or ‘excrescences, that serve as one of 
the chief means of identification. The trunks of some trees are 
studded with thorns, as an additional protection. The bark of the 
redwoods is very thick, as much as two feet on some specimens, 
and is surprisingly fire-resistant, by virtue of which many of the 
giant trees have survived counties^ forest fires throughout the 
centuries. In the bark furrows and fissures of all trees many insect 
dramas take place. There insects himt and are hunted, eat and are 
eaten; hatch, mate, die; rest, sleep, grow, spin cocoons, hibernate. 
The hunting wasp finds the deep furrows of the live oak a favorite 
hunting ground. The ichneumon fly drills through two inches 
of bark and wood to deposit its eggs in the burrows of the 
sawfly larvae. The cicada leaves its shed skin on tree trunks in 
many parts of the world. 


INNER BARK 

The inner bark, or phloem, together with the cambium layer that 
gives rise to it, may be considered the most important part of the 
trunk, since when a small band of it extending completely around 
the trunk is cut away, the tree dies. Every other part of the trunk 
may be damaged without killing the tree: the outer bark may be 
scraped off, the heartwood chiselled out, even the sapwood riddled; 
but once a thin encircling strip of phloem is destroyed, the tree is 
doomed. 

The phloem must be continuous from the roots to the crown; 
it is the vital link between top and bottom. In importance it is 
roughly equal to the aorta, jugular vein or spinal cord of the 
animal body. It is the highway along which travels the food that 
is fabricated in the leaves. When it is severed or obstructed, 
death comes to the tree not from the top down but from the roots 
up. A tree girdled a foot above the ground, for example, remains 
unaffected, at first, above that point. Leaves, twigs, branches, and 
the trunk itself continue in perfect health. The roots contimie to 
draw up water, the sapwood conveys it to the leaves, die leaves 



STRUCTURE AND PHYSIOLOGY OF THE TREE 11 

manufacture the needed food, and die phloem carries (he food 
downward to nourish all parts of (he plant body — downward to 
within one foot of the ground, where, the road being cut away, it can 
go no farther and hence accumulates as a bulge just above the 
cut region.* From the cut down, no food is received. The root 
syst^ struggles on, drawing on its reserves, as long as it can — for 
a year usually, rarely for two years; then suddenly it dies — dead 
of starvation in the midst of abundance. Still connected structurally 
with a healthy top, it is cut off from receiving the produce of that 
top. When the roots go, the thriving top goes too, killed not by 
starvation but by lack of water, which can be supplied by the 
living roots alone. 

Such is the strange history of a girdled tree, which many people 
expect to die a few days after the girdling has taken place but 
which does not do so for the reasons just explained. Oddly, a 
girdled tree frequently produces its most abundant fruit crop the 
season before it dies, which is Nature s supreme effort to reproduce 
the species when the individual is doomed. Oddly, also, the 
phloem may be destroyed along one-half, two-thirds, or nine- 
tenths of the trunk without causing death to the tree if this 
damage leaves uninterrupted one continuous strip of vertical 
phloem running from the roots to the crown. This strip may go 
straight upward or it may twist and snake its way up the trunk; 
die essential thing is that it be continuous, for through it, as 
through anastomosing veins, the whole life of the tree may 
temporarily pass, and from it new phloem may grow outward 
to clothe tile tree eventually with an entirely new bark structure. 

In thickness, the phloem occupies a relatively small part of 
the total trunk diameter, a tree two feet in diameter having a 
phloem layer of one-half, three-quarters, or an inch thickness, 
according to the species. As the tree grows the phloem layer 
naturally increases in thickness, although the increase is slight 
when compared to the great increase of sapwood and heartwood. 
On the other hand, even though the phloem layer is comparatively 

*What really happens is that the food carried downward stimulates cell 
growth above the girdling with an increase in diameter which contrasts with 
the stationary diameter below the girdling. 
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thin, its total volume is larg^ than it seems, since it is always 
spread out along the rim of the cylinder. 

Most trees are dicotyledons” and have the phloem on the outside 
of the cambium layer; such treek are thus enabled to expand 
continually in girth — ^indeed, must do so as long as they live. On 
the other hand, the monocotyledons,® as represented by the palms, 
are so constructed that their phloem and xylem tissues are arranged 
in special bundles scattered throughout the stem. These trees have 
no cambium layer and no continuailly expanding phloem layer 
around their periphery; hence they do not grow in girth after 
reaching a certain size. Also, since they have no phloem layer, 
they cannot be destroyed by girdling. A palm trunk may be ringed 
like a table leg turned on a lathe, yet it will continue to live so 
long as any part of the trunk is left intact. 

The bark of the dicotyledons has a number of interesting uses. 
It is often eaten by animals, particularly during protracted snows 
when no other food is available. The bark of the birch was used 
to make Indian canoes. The bark of some kinds of oak is our 
source of cork; the bark of other oaks gives us tannin. Bark of 
the paper mulberry is used by the Chinese in the jfi-eparation of 
high quality paper and by the Polynesians to make mats and 
articles of clothing. Some of our first writing tablets were made 
of bark; indeed some e^mologists have sought to connect the 
word book (cf. German Buck, plural Bucher) with the word 
beech for this very reason. The very thick bark of the redwood, 
which formerly was treated as a nuisance because it interfered 
with sawing operations, is now utilized in the manufacture of 
various kinds of fibrous products. 

® “Dicotyledons, characterized by an embryo which has two cotyledons. The 
parts of the flowers of most species are in twos, fours or fives. The leaves of 
most species have a network of veins. A cambium is usually present, and the 
vascular tissues of the stem are arranged m a cylinder.” Robbins and Rickett, 
Botany 
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CAMBIUM 

The cambium layer (from Latin “exchange”) is a layer of actively 
dividing cells theoretically only one cell thick arranged as a 
continuous cylinder near the outside of the trunk between the 
phloem (inner bark) and the xylem (sapwood). This is the part 
of the stem that does the growing, and its ingenious location 
between phloem and xylem is the fact that enables the trunk of 
dicotyledons to increase continuously and indefinitely in girth. 
During the season of growth, cells in the cambium layer are in a 
state of continuous division and multiplication. Of the new cells 
formed, those on the outside come to form new phloem tissue; 
those on the inside new xylem tissue. Thus the cambium layer 
itself remains always at the same thickness while being steadily 
pushed outward, togetlier with the inner bark, by the new tissues 
of sapwood forming on the inside. In a young tree, for example, one 
inch in diameter, the cambium layer lies just under the bark, one- 
half inch from the center of the tree; in an old tree ten feet 
in diameter the cambium layer still lies just under the inner 
bark, but both it and the bark are now* five feet from the center 
of the tree. 

Growth in diameter, then, is accomplished by the laying down of 
successive layers of sapwood, while the embryonic cambium and 
the elastic phloem travel ever outward. (Not elastic in the sense 
of a rubber band that stretches without increasing its substance, 
but elastic like the bony structure of a child’s head that increases 
in size by growth while maintaining its proportions.) Every layer 
of sapwood was once cambium. Growth starts in the center of the 
tree and spreads outward radially, just as a pebble dropped in a 
pond produces ripples in all directions. The imagined solidification of 
these ripples furnishes a good example of what occurs in the tree. 
Each ripple is a new layer of sapwood, each layer has its crest 
and its trough; the ripples continue in ever-widening circles until 
the force of the original impulse is dissipated or until they en- 
counter the edge of the pond. The energy contained in the fall of 
the pebble represents the original growth impulse, while the edge 
of the pond represents the limitations imposed by environment. 

The healing of pruning cuts, bark wounds, and cavities is made 
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possible by Ae cambium layer, which forms callus tissue over the 
exposed region, growing from all sides toward the center. Callus 
tissue that forms over a cement filling, for example, is composed 
of xylem and phloem with the embryonic cambium between the 
two; each year that passes adds a new layer of sapwood to the 
callus, so that, if the tree lives long enough, the cement may come 
to be covered by 4, 5, 6, or more inches of good, sound sapwood. 
Since the monocotyledons (as explained above) have their xylem, 
phloem, and cambium located in fibrovascular bundles scattered 
throughout the stem instead of being arranged according to the 
ingenious plan of the dicotyledons, they cannot expand continu- 
ously in girth nor can they heal over their wounds. A palm tree 
never forms callus tissue. Wounds on the trunk remain open through- 
out the life of the tree. They may be filled with cement plugs or 
treated with antiseptic and waterproof paints, but they will never 
callus over. Although most organisms, both plant and animal, have 
the power of healing their wounds, so stately and beautiful a 
thing as a palm tree has no regenerative tissue in its trunk; once 
damaged it is as powerless as a post to repair itself. 

SAPWOOD 

The sapwood of the tfunk, together with the heartwood, which 
was formerly sapwood, is the wood proper. It is the most familiar 
part of the tree, being that which we burn in our stoves, make 
our houses of, pin up our clothes with, and turn into baseball bats, 
tennis rackets, and golf clubs. It constitutes the main substance 
of the tree, giving it body, rigidity, and hardness. In young trees 
it forms practically the whole trunk, and even on old trees it 
forms half or more of the trunk as well as virtually all the body 
of the limbs, branches, and twigs. 

The function of the sapwood, apart from giving the tree rigidity, 
is that of conveying water and dissolved ingredients of the soil 
up from the ground to the leaves, where they are used in die 
manufacture of food. At the same time it supplies water to all 
tissues of the organism, which, being composed of cells, need 
water quite as much as the cells of the animal body. Microscopic 
examination of the sapwood shows it to be composed of relatively 
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long tubular cells arranged vertically end to end, like sections 
of pipe forming a pipe line. The thickened cell walls give the tissues 
their woody strength, while the large open interiors with Ae 
sieve-like ends make possible tile rapid passage of water through 
the system. The very name sapwood indicates the function of 
this part as a conveyor of fluids: its tissues are at all times replete 
with water or sap (modified water), even during the dormant period 
when, according to popular belief, “the sap is down” — ^imagined 
by many to have fled to tire roots. Actually the wood is as juicy 
in the wintertime as in the summer or spring, as anyone who has 
ever sunk an axe into it knows. 

When a tree dies, it is the evaporation of water from its tissues 
that makes the sapwood become hard and dry instead of soft 
and juicy. The evaporation of water also explains the loss of weight 
that dry wood shows over green wood. Those trees whose pores 
(sapwood vessels) are very large, such as the chinaberry, the 
willow, the tree of heaven, lose much more weight in drying 
than those trees whose pores are small, such as the white oaks, 
the mesquite, the ebony. In other words, trees which are largely 
water to start with become almost substanceless when dry, while 
slow-growing kinds with fine, close pores lose comparatively little 
weight when dried and, consequently, in general warp little. 
(The mesquite, for example, warps and shrinks in drying as little 
as any known wood, being for this reason excellent material for 
levels, gun stocks, furniture, etc. ) Among the oaks two great groups 
— ^the red oaks and the white oaks — are distinguished by lumbermen 
according to tlic size of their pores, the former having large open 
pores and the latter fine closed ones. Through a two-inch block 
of sapwood of some of the red oaks .smoko may be blown. The 
pores of some woods are large enough to be distinguished by the 
naked eye. In some the point of a pin may be inserted. 

In the temperate zones where a tree grows only dturing spring 
and summer die sapwood is formed according to a definite pattern. 
During the spring when gro\vth is most rapid the sapwood has 
large cells; during the summer when growth is tapering ofiE the 
cells become increasingly smaller. The regular juxtaposition of 
spring and summer growth constitutes a pattern easily distinguished: 
it is called a ring and represents one year’s growth. Counting the 
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rings from the center of the trunk outward tells the age of the 
tree-— one ring for each year. Counting the rings in a limb tells the 
age of that limb but not necessarily of the tree, for the limb may 
have appeared after the trunk tad developed. Rings near the 
center are the largest, since trees grow fastest when yoimg; rings 
toward the outside get smaller and smaller (other factors being 
constant) as the tree gets older. Rings vary in thickness from a 
barely perceptible line in some of the slow-growing trees to half 
an inch or more in the swifter trees. The size of a ring represents 
only half of the trunk’s growth. A ring half an inch wide, for 
example, means that the trunk increased one inch in diameter that 
year. Sometimes the center of the rings is not in the geometric 
center of the trunk, indicating that for environmental reasons more 
sapwood formed on one side than on the other. In such cases the 
ring is curiously shaped: almost flat at some spots, flaring out 
suddenly at others, forming an ellipse or irregular curve rather 
than a circle. In a foiest of straight-trunked pines, on the other 
hand, where environmental pressure is even on all sides, the 
rings are of a nearly uniform width all the way around and describe 
a nearly perfect circle. • 

Since trees grow more in wet years than in dry years, the widest 
rings indicate wet years, the narrowest rings dry years. This simple 
fact is the basis of a new science — dendrochronology: the science 
of studying weather and climate in relation to the growth of 
trees. For example, if you cut dowm a tree in Oregon in 1950 and 
count backward (from the outside toward the center) 25 rings 
and find a series of six or seven unusually narrow rings beginning 
at that point, you may conclude that from 1918 to 1925 Oregon 
experienced a period of drouth. If you then cut down numerous 
other specimens in different parts of tlie state and find them telling 
the same story, you may be sure of it. If to continue the investigation 
you cut down trees in Washington, California, Nevada, Wyoming, 
and Montana and find the same evidence there, you will know 
that the drouth was general over the Northwest. 

Applications of this discovery on a grand scale are obvious. 
Sapwood specimens^ from trees all over the world can be compared 

^ It is no longer necessary to cut down a tree in order to count its*iings. 
Sapwood and heartwood specimens may be cut out of a living tree by a qiedal 
driU diat pulls out an intact cylinder, somewhat like plugging a watermelon. 
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to give continuous climatological readings running back 2000 
years and more. For this purpose the longest-lived trees — the red- 
MToods, sequoias, firs, cypresses, axe of greatest value, although even 
petrified trees or nearly petrified ones have been used to fill in 
the gaps. The sapwood rings constitute a great natural calendar, 
providing data of the highest value that may be correlated with 
other natural phenomena, such as the formation of new lakes or 
the drying up of old ones, the deposition of silt in the great delta 
regions, the amount of wind and water erosion over given regions, 
etc., to help reconstruct the worlds past climate. Climatological 
charts based on the testimony of the tree rings reveal the cyclic 
nature of climate and so form corroboration of Ellsworth Hunting- 
ton’s theory of Climatic Pulsation. 

In the tropics where seasons are wet and dry rather than hot 
and cold the tree rings do not offer the same facility for study, 
since one ring does not necessarily indicate one year. In some 
regions growtfi is practically continuous with no rings at all 
forming; on other trees and in other regions several rings may 
form in one year, depending on the frequency of the rainy spells. 

The sapwood has a number of enemies, possibly the commonest 
being the borers that riddle it with their labyrinthine tunnels, 
eating the wood as they go along. Borers in the sapwood of cut 
mesquite are so numerous that a few feet away from a pile of logs 
their chewing may be heard like rain on the roof. Cases are on 
record of borers emerging out of wood (mesquite, cherry, walnut) 
ten or fifteen years after it has been made into furniture. 

Although the heartwood of most trees is considered more 
valuable for lumber and furniture, the sapwood is also very 
commonly used, either alone or in combination with heartwood. 
Pine, for example, is nearly always pure sapwood. When a piece 
of lumber is so cut that it is part sapwood and part heartwood, it 
is harder to dry, since the sapwood contains much more water. 
Such differential drying is often responsible for warping, shrinking 
and cracking. 


HEARTWOOD 

The heartwood of the trunk is former sapwood that has ceased 
to function fn the conveyance of fluids. Young trees have no 
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Iieaitwood, being all aapwood, cambiuin, and btik. As a tree gets 
older and larger, the sapwood in the center gm<hially loses its 
function, drying out and hardening, becoming heartwood. As new 
layers of sapwood are added on < Ae outside, the oldest lay^ of 
sapwood on the inside become heartwood. A certain proportion 
between sapwood and heartwood comes to exist, the proportion 
being difFerent for each kind of tree and also being influenced by 
age and rapidity of growth. Some trees, such as the hackberry, 
never form heartwood. Others form it very slowly, like fhe persim- 
mon, which needs 100 years to begin producing it; others form it 
within the first few years of life. 

Heartwood is harder than sapwood, denser, drier, and of a 
different color, generally darker. Where the sapwood is almost 
always white, creamish, or light brown, the heartwood is usually 
black, dark brown, bronze, or red. The combination of sapwood and 
heartwood in a piece of lumber often produces a very pleasing effect 
— ^the original two-tone. The heartwood of some trees is extraordi- 
narily beautiful and almost fabulously valuable; for example, 
the satiny heart of mahogany, the rich warm heart of walnut, the 
glistening black heart of ebony, the deep rich redness of mesquite 
heart, the rose-colored huisache heart. Some heartwoods are 
amazingly hard, that of the quebracho defying the axe and that of the 
Mexican ebony {PitheceUqJ^um, or Ebenopsis, flexicaule) as resist- 
ant to nails as an iron post. 

Heartwood forms in limbs as well as in the trunk, the larger 
the limb the greater the heartwood. Instead of heartwood, the 
center of many limbs, particularly the smadlest ones, on some 
trees is composed of pith. 

Although the heartwood has no physiological function, it is 
useful to the tree for support, serving like reinforcing rods in a 
post of concrete. Without their strong heartwood some of the 
larger trees would be unable to m^t wind storms or bear 
even the weight of their own lhnl». Whenever limbs or trunks 
break off in high winds, the cause is usually decay of the heartwood. 
For strong and tough as the heartwood is, it is susceptible to attack 
by a numbw of wood-rotting fungi. In fact, the heartwood, where 
exposed, decays much more rapidly than die sapwood (eitcept 
when both are dead, amd then die sapwood decays first). The very 




^*latr 1. A live oak tice displays its pattern of branches against 
the skv. 
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Plate 2. THKE TPUNKS, Bl^TTRESSES. AND ROOTS. On the tropical fig 
of Mexico (tipper left) as on the more northern arborvitae (lower left), buttresses 
support the enormous superstructure. Althougli its trunk is pailly destrored, the 
palm tree (tipper r/'g/iO, a monoeoUledon, lives because its fibrovascular bundles 
aie scattered. A dicotyledon, with bundles in a ring, could not survive this injury. 
Lower right: Tree roots may extend as far as the spread of the branches. 
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strong heartwood of oak that breaks teeth out of die sharpest 
saw and mocks at the axe mid the wedge is quickly reduced to 
a pulpy, soggy mass by the strengthless filaments of the bracket 
fungi of different kinds. Heart rot in forests causes the annual loss 
of milhons of dollars' worth of timber. This is the reason why 
corretA pruning, which prevents cavity formation, and correct cavity 
treatment, which repairs existing cavities, are both so important 

Wiiat is called grain in wood is the heartwood and sapwood 
rings and the vascular rays seen from different angles according 
as the planks are cut out. When a log is crosscut — that is, sawed 
perpendicularly to its length — the rings are seen in their entirety 
— a series of concentric circles. When a log is cut lengthwise, the 
rin^ and rays appear in various interesting patterns, varying 
according to the distance of the plank from the center, only a 
small arc of each ring being visible but the whole length of the 
rays. When a log is quarter-sawed, only those planks are cut that 
run out radially from the center of the log to the circumference, like 
the spokes of a wheel. Since this methed shows up the beauty of 
the grain to greatest advantage, it is often practiced with some of 
the finer woods, however, since fewer pieces can be cut from a 
given log, it is too wasteful to be generally employed. 

VASCULAR RAYS 

The vascular (once called medullary) rays, seen as tiny lines 
running perpendicularly to the rings, are channels by which food and 
water are transported radially throughout stem, limbs, and branches. 
Food traveling down the phloem, which may be roughly compared 
to the arterial system of the animal body, must reach every cell 
of the sapwood, doing so by means of the vascular rays, which 
thus may be compared to the capillaries. When wood is split, it 
opens along its vascular rays. 

LENTICELS 

Lenticels are respiratory pores that occur scattered over the 
surfiu^ of trunk, limbs, branches, and twigs, dn most trunks 
they are almost invisible, hidden away among the furrows and 
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scales of the coarse outer bark. On other trees they are quite 
notioeable; on the Siberian elm (Ulmus putnila)y for example, they 
appear as tiny, raised, rust-colored islands, occurring in such num- 
bers as to give the trunk its characteristic reddish look. They are 
avenues for entrance of air into the trunk and branches, just as 
stomata admit air to the leaves. Whenever a trunk becomes too 
heavily covered with lichen, moss, or vine, the function of its 
lenticels may be interfered with. 

In company with roots and twi^, the stem or trunk also serves 
for the storage of manufactured food. The rush of spring activity, 
including the unfolding and enlargement of the leaves, twig growth, 
and in some cases formation of flowers and even seeds, before the 
leaves have started to function, could not occur if it were not for 
the large amounts of food stored in the various parts of the tree. 

SUPERSTRUCTURE 

The upper end of the trunk gives rise to limbs, branches, and 
twigs. Where the trunk ends and the branches begin is a point not 
always easy to determine, for sometimes branches appear along 
nearly the whole length of the trunk, while this, mast-like, continues 
straight upward; sometimes the trunk yields a tuft of branches at 
the very top; and sometimes it divides and subdivides in such 
a manner that its existence gradually merges with that of the 
limbs. Each kind of tree has its characteristic manner of branching; 
however, individual trees may depart from the standard form of their 
species, in accordance with environmental peculiarities. 

Based upon their manner of branching, trunks are divided into 
two kinds: deliquescent {decurrent) ^ and excurrent. The deli- 
quescent form is that which crotches repeatedly, making a gradual 
transition from trunk to twig, illustrated by the oaks, the elms, 
the walnuts, and many others. The excurrent form is that which 
grows like a mast, throwing out branches more or less evenly on 
all sides but carry ing its tip up to the very top. This type is 
represented by the pines, the firs, the spruces, the junipers, and 
nearly all the conifers, which, because of their straight growth and 
little taper, people the ocean with masts and the land » with 
telephone poles, in addition to providing the bulk pf jikt 
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lumber. Most excurrent trees have a conical, Christmas-lree^like 
shape, as have the various red cedars (Juniperus) and the mna- 
mental spruces. Some of them, however, habitually have o&er 
shapes: some of the pines have obdeltoid or irregular shapes; many 
of the conifers gradually change their shape with age. 

Some kinds of trees represent a sort of compromise between the 
two forms, being sometimes deliquescent, sometimes excurrent, 
other times being, or trying to be, both at once. The sycamore and 
the cottonwood, or poplar, are good examples. Although the syca- 
more may be considered predominantly excurrent, it is often found 
witli divided bole, each part of which grows excurrently as if it 
were a single tree. The cottonwood exists in so many species and 
varieties that it is hard to generalize about it. Often excurrent, it is 
as frequently deliquescent, being perhaps the most noticeable 
borderline case of all. 

Some trees, like the papayas, the palms, and certain other tropical 
and semi-tropical trees, have no branches at all, putting out 
instead from the embryonic tip a series of huge leaves on greatly 
enlarged petioles. Some of the palm leaves are as large as a 
table top and some of their saw-edged petioles 10, 12, or 15 feet in 
length. These, although they simulate branches, do not function 
as branches, dying back to the trunk and falling off just as 
dicotyledonous leaves fall from the twig, so that growth continues 
only in an upward sense, never outward, and a palm 20 years old 
extends sideways just is far as a palm 100 years old. 

The silhouette formed by each kind of tree according to the 
structure and arrangement of its branches, is characteristic for 
each species, serving to identity the tree at a distance, both when 
in leaf and when bare, as surely as the shape of the leaves identifies 
it at close hand. And just as the different leaf shapes have specific 
names, so the different silhouettes have their names. Thus a tree 
may be conical, like a spruce; cylindrical, like the Texas elm; 
rounded, like the live oak; spreading, like the walnut; obdeltoid, 
like the American elm; triangular, like some of the pines; irregular, 
like the hackberry; pointed (fastigiate), like the Lombardy poplar 
or the Italian cypress; drooping, like the weeping willow; and so on. 
The«tree in winter, stripped of leaves, flowers, and fruit, may be 
considered the plant skeleton. Although pruning may change the 
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shape of a tree temporarily, the pruned tree will always tend to 
revert to its natural form. Even removal of the whole crown 
(topping) is unable to deform a tree permanently, for the new 
growth will tend to reshape the tree along the original lines. 

The main framework or scaffolding of a tree is composed of 
limbs; the limbs give rise to branches; and the branches to twigs, 
the smallest woody element. The limbs, branches, and twigs con- 
jointly are called the crown. The transition from trunk to twig 
is usually a very gradual one, passing from larger to smaller limbs 
and larger to smaller branches in an orderly sequence. In some cases, 
however, twigs appear abruptly from the trunk or the main limbs; 
these adventitious twigs are called “suckers” or “watersprouts” and 
should be removed as often as they appear, in order to divert 
growth to the upper and outer parts of the crown. The appearance 
of numerous watersprouts often indicates that a tree is dying at 
the top, although some kinds of healthy trees normally produce 
them. Adventitious twigs also appear along trunk and limbs of 
any tree tliat has been topped or pollarded, developing in this 
case very rapidly into branches. 

Twigs, branches, and limbs grow in length and ui thickness as 
long as the tree lives. With the passage of time twigs become 
branches, branches become limbs, and limbs become larger limbs. 
Once the main outlines of a mature tree have been estabhshed, it 
would seem that it would no longer continue to grow. Indeed many 
people, misled by analogy with animals, believe just that: that 
only young trees grow, that old trees merely maintain their status 
quo. Actually (with die exception of monocotyledons, which grow 
only at the top) a tree continues to grow as long as it lives. It 
may grow at different rates, sometimes fast, sometimes slow, but it 
cannot stop growing, even though by continued growth it some- 
times works its own destruction. Trees sometimes become so top 
heavy that they split apart, particularly when whipped by the 
wind or weighted by ice. Great limbs sometimes break off under 
their own weight, even on perfectly still days. The California valley 
oak is famous for this habit: on a day when no breath of wind is 
stirring a sound limb suddenly breaks off with a resounding crack 
and comes hurtling to the ground. This remarkable phenomenon 
represents the attempt of natvne to prune the top-heavy crown; 
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unfortunately, however, such breakage nearly always leaves un- 
healed stubs or trunk wounds that open avenues of infection to the 
heart of the tree, eventually causing or hastening its death. The 
great problem facing every tree is how to support a constantly 
larger and heavier superstructure from a central axis — an increasing 
weight which even the strongest and toughest woods cannot with- 
stand indefinitely. If a tree could evolve some method of solving 
this mechanical problem* and if the soil around its roots never 
became exhausted and if its water supply were never impaired, it 
could well live forever. 


LEAVES 

Perhaps the most interesting and wonderful parts of the whole 
tree are the leaves. These are its flesh, as the limbs and branches 
are its skeleton. Leaves clothe the tree, giving it form, color, 
movement, life. They provide shade, adornment, beauty. They 
shelter the birds, shade and protect the animals, embellish the 
coimtryside. They interpose a barrier of green coolness between 
the sun and the ground, thus making possible human and animal 
existence in places where it would be otherwise impossible. They 
transpire great quantities of water into the air, humidifying and 
freshening it. By lowering the temperature of the ground under- 
neath, they create minor ascending and descending air currents. 
When they die and fall to the ground, their bodies decompose, en- 
riching and mulching the soil. 

More than all this, the leaves produce food for the tree, and hence 
for all other forms of life dependent directly or indirectly on the 
tree. Indeed, this is their primary function; all other uses are 
secondary and incidental. Every leaf is a busy factory, the most 
marvelous factory in the world, whose motive power is tlie sun’s 
rays and whose end-product is food. The green leaf — ^that of trees 
and other plants — ^is the only source of food on our planet. It 
is the bridge between the organic and the inorganic worlds. Only 
the green leaf is capable of manufacturing organic food out of 
inorganic elements. No other power, natural or artificial, can ac- 

•"Ae banyan-tree of India and other tropical figs have virtually done «o. 
See the discussion in the section on roots. 



24 


TREE CARE 


complish this miracle. There are other ways by which food may 
be stored, transported, transformed, but only the green leaf can 
manufacture it. Hence all other life, animal and human and non- 
chlorophyll-bearing plant life, is dependent on the green leaf. 
Man, animals, insects, and plants without chlorophyll are all 
parasites in the sense that they cannot manufacture their own 
food. Men derive their food from plants or animals or both. 
Carnivorous animals derive theirs from herbivorous animals, which 
derive theirs from plants. If green plants disappeared from our 
planet tomorrow, all other forms of life — saprophytes, parasites, 
vertebrate, invertebrate, fish, fowl, insect, quadruped, man himself 
— would disappear shortly thereafter. We cannot exist without green 
plants; on the other hand, they can exist very well without us. 

Not only does all our food come from the green leaf but the 
bulk of the energy we use to do the world s work comes from it as 
well. For it is by the activity of the green leaf that the tissues of 
the tree are builded, and it is the body of the tree burned as wood 
and coal that furnishes power to run our machines. The energy 
of the sun’s rays, transformed by the green leaf into a form 
utilizable, storable, and controllable, is the ultimate source of 
our energy. Only atomic power, by duplicating the sun’s energy, 
provides us with the means of bypassing the green leaf. 

The process by which the leaf manufactures organic food out 
of inorganic elements is called photosynthesis, which is the Greek 
way of saying “production-by-light.” The raw materials used are 
carbon dioxide and water — the first taken in from the air by the 
leaves, the second absorbed from the ground by the roots and sent 
up through the sapwood to the leaves. When these two elements are 
brought together in the green leaf, the action of the sun’s rays 
enables it or activates it to combine them and transform them 
into two different compounds: pure oxygen and sugar (dextrose). 
Chemically the reaction is written thus: 

6 COa+eHaO^eOa-hCB H,2 Oo 

This is the most important chemical formula that exists on our 
planet, for both end-products of this reaction are indispensable for 
the sustenance of animal life — ^not only the sugar (which is Jater 
changed to odrer food products) but the oxygen as well. Animals 
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and humans, by constantly using up oxygen and exhaling carbon 
dioxide in their respiration, would eventually vitiate the air to the 
point where they could no longer exist Green plants, by reversing 
this process, that is, by using up carbon dioxide and emitting 
oxygen, maintain the percentage of both elements at approximately 
a uniform level and so make possible our existence.* 

The mechanism by which photosynthesis is accomplished is still 
imperfectly understood. It occurs in green plants exposed to the 
sun directly or by reflection. Green plants are those which contain 
chlorophyll. Plants that are not green, such as mushrooms or 
bacteria, have no chlorophyll and thus must grow saprophytically 
or parasitically upon green plants. 

In spite of their gieat diversity of size and shape, all leaves 
consist of essentially die same parts: a petiole or stem (sometimes 
absent) and a blade, a thin, flat sheet constructed and extended 
in such a manner as to receive as much sunlight as possible. The 
blade consists of (1) a waxy covering or cuticle; (2) a single 
layer of cells called epidermis (cuticle and epidermis are on both 
the top and bottom); (3) a layer of large upright cells called 
the palisade layer, each cell of which contains tiny bodies called 
chloroplasts inside which is the vital chlorophyll; (4) a layer of 
irregularly shaped, loosely arranged cells forming the spongy 
parenchyma; (5) the veins that form the communication system. 
The large vein running down the leafs center is called the midrib; 
the others are called lateral veins. Some leaves are pimiately 
veined (reproducing the design of a feather); some are palmately 
veined (having the major veins branching out radially from a 
common center); some are parallel-veined. (This last type is 
one of the distingiushing marks of the monocotyledons.) 

On the lower surface of the blade there are thousands of tiny 
openings called stomata, each surrounded by two special guard cells 
that partially or completely close together at night and open 
during the day to allow gases from the atmosphere to enter and 
gases from the interior to escape. They also allow water to 

* Plants also respire as animals do, using up oxygen and giving off carbon 
dioxide. However, the effect of their respiration in comparison with the effect 
of phetosynthesis, the reverse process, is almost negligible. They produce far 
more o^gen than fliey consume. 
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evaporate and by so doing make possible the entrance of more 
water through the roots. On a hot day when the sun is beaming 
down and all the stomata are open, a tree transpires great quantities 
of water, drawing it in through thf roots and evaporating it through 
the leaves — ^as effective a mechanism as a fountain, if not as 
spectacular. 

It is through the stomata that many kinds of fungi gain entrance 
to the interior of the leaf, deforming or killing it by absorbing its 
substance. Once inside the leaf, cesrtain kinds of disease-producing 
organisms have the power to travel through the veins into the twigs 
and hence through all parts of the tree. These diseases, called 
vascular diseases, are the most difficult of all to control, because they 
work from the inside. Although it may be difficult or impossible to 
eradicate such diseases once established, they may be prevented 
by periodic spraying (see chapter on spraying), the purpose of 
which is to coat the leaves with a protective layer of copper, or 
some other substance, through which the pathogenic fungi cannot 
pass. 

In structure leaves are simple or compound. A simple leaf is one 
unserrated blade growing from a petiole (in sessile leaves directly 
from the twig). A compound le^ is a series of discrete blades 
(leaflets), all growing directly or indirectly from the same petiole 
and hence forming one unit. Leaves may be compound palmately, 
like those of the horse-chestnut wherein several leaflets spring 
radially from a common center, or compound pinnately, like those 
of tlie locust, wherein from a central stem (like tlie quill of a 
feather) paired leaflets grow out laterally. The compound leaf 
is usually larger than the simple leaf, although not necessarily so. 
The leaf of the banana is simple, while the leaf of the sweet acacia, 
or huisache (Acacia famesiana), is compound, but the total leaf 
area of an average huisache tree, each leaflet of which is barely 
% of an inch long, would not equal the area of a single ten-foot 
banana leaf. 

A common size of a simple leaf may be 4 or 5 inches long by 
3 or 4 inches wide. Temperate-zone leaves are usually medium-sized, 
like those of the elm or the oak, whereas tropical leaves tend to be 
either very small or very large. The leaflets of the mesquite and the 
huisache, small as they are in Texas, get progressively smalfer as 



STRUCTURE AND PHYSIOLOGY OF THE TREE 27 

one goes south into drier, hotter Mexico. On the other hand the 
elephant ears, bananas, and water*lilies produce their immense 
leaves also under tropical skies, but within wet surroundings. 

In shape leaves are so diverse that botanists have exhausted the 
resoxirces of a dozen languages in an eflFort to describe them. Th^ 
may be round, oblong, lance-shaped, sword-shaped, spindle-shaped, 
cross-shaped, egg-shaped, fan-shaped, and every other shape. No 
figure is too extravagant or too fantastic to be reproduced in a leaf 
form and hence reduced to beauty. Yet among all the many 
thousands of different kinds of trees no two have like leaves; although 
there may exist strong similarities, there are no duplications. Indeed 
among the uncounted billions and billions of leaves that exist or 
have existed or will exist there are no two identical, not even among 
those of the same kind, not even those of the same tree. 

In color leaves are of course predominantly green, although on 
many ornamental plants they show streaks of yellow, white, pink, 
and red. The foliage on young trees is frequently all red; similarly 
the new growth on old trees is often red. New leaves on the 
mango-tree, for example, are always red, becoming green only 
several weeks after they have attained full size. The petiole and 
even midrib (sometimes also the lateral veins) on many well-known 
trees are reddish. The beautiful madrono is more red than green. 
The leaves of the eucalyptus are bluish-green; the leaves on young 
eucalyptus trees or those on new shoots on older trees, are 
definitely bluish. The leaves on many trees are whitish underneath. 
The leaves of the shnib Texas silverleaf (LeucophyUum texanum) 
are gray on both surfaces. 

Leaves on many coniferous trees, such as juniper and cypress, 
are formed on a different pattern: tiny scales wrapped closely around 
a central axis, arranged overlappingly like shingles on a roof. 
Because of this arrangement and their small size, the leaves are not 
visible individually unless examined very closely; the number of 
these tiny leaves on a large tree is truly enormous. Other conifers, 
such as the pines, have leaves ui the form of “needles” — ^long, tiiin, 
flat, tough structures, built to resist desiccation by cold and 
injury by snow. Different kinds of pines have different numbers of 
needles to a bundle, each bundle being enclosed by a slender sheath 
for a little distance along its base. Some pines have two needles to 
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a bundle, some duree, some five. The structure of the oontfer leaf 
is extremely interesting, being found on the oldest, the largest, 
and the most widely distribute trees on earth (cypress, redwood, 
giant sequoia, fir, and pine). 

Some kinds of trees are evergreen, never seeming to lose their 
leaves.^** The evergreen impression is accomplished by the more 
or less constant appearance of new leaves so that with the death 
of old ones the tree is at no time bare. The foliage of many 
ornamental varieties of evergreens, such as arborvitae, which are 
trained to grow densely in bush-like shapes, gradually dies in the 
center as it grows at the edges. Not all the conifers are evergreen 
nor are all broad-leafed trees deciduous, although such is generally 
the case. The larches and bald cypresses are as deciduous as elm 
or maple, while the famous southern live oak (Quercus virginiana) 
is evergreen (hence its name), retaining its tliick, leathery leaves 
throughout the severest weather, shedding them only in March, at 
the time when the year’s new leaves are already forming. 

When leaves begin to brown and fall off in the autumn, they 
do not do so of their own accord, there being nothing in the 
structure or mechanisms of the leaf to provide for its suicide. 
What happens is that the tree sheds its leaves by forming die 
so-called "abscission layer” at the juncture of petiole with twig, 
a layer of tissue that functions like the closing of a valve so that 
no more food or water reaches the leaf, and it dies. Thus the tree 
defends itself at a time when growing conditions are unfavorable: 
when the ground is frozen, the sky overcast, and the air too 
cold for the proper circulation of fluids. ( A tree cannot warm itself 
by exercise. ) In the tropics deciduous trees lose their leaves in the 
seasons of drouth; this is also for their own protection, for con- 


^’’The longevity of some leaves is surprising. The following list is from 
Molisch (Fulling) in The Longevity of Plantsx 

Finns pinsapo 11-15 years 

Taxus baccata 8-10 years 

Abies nordmanniana 3- 5 years 

Araucaria bidvolUi 15 years 

Laurus nobUis 4 years 

Pittospomm tobha 3- 5 years 

Ilex aquifolium 2- 4 years 

Aucuba faponica 2- 3 years 

Osmanthus aquifolium 5 years 
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tinued evaporation of water through the leaves when none or very 
little may be drawn up by the roots, would eventually cause the 
tree’s death. 

Leaves almost always appear •at or near twig tips, these being 
the regions that contain the most embryonic tissue. On some 
tropical trees, however, such as the mango, leaves may occa<:ionally 
grow directly from large limbs. On most temperate-zone, broad- 
leaved trees, leaves are developed only during the springtime, 
no more new leaves appearing during the summer. However, if a 
tree is defoliated by insects or by mechanical means, it may 
produce new leaves from adventitious buds. A tree may be de- 
foliated three times during the course of a summer and each time 
respond with new foliage, drawing on stored food, but with the 
fourth defoliation it dies.^® In contrast to this system, many tropical 
trees, such as the yellow mombin (Spondias tnombin), produce 
new leaves continuously throughout spring and summer from the 
continuously growing stem tips. Defoliation of such a tree could 
hardly occur, since, hydra-like, it forms new parts as rapidly as 
the old ones are destroyed. 

Many leaves have bristles at their tips and along their margins, 
usually at the termination of the veins. Certain trees, such as tire 
prickly ash, have prickles on the petiole and even on the midrib. 
The lower surface of many leaves is covered with tomentum: a 
dense mass of very fine “hairs” or processes which must constitute 
a veritable jungle for the tiny insect that attempts to make its way 
through them. In most cases the tomentum is soft and woolly and 
may ^ rolled up in little balls by the thumb. In some cases, 
however, the leaf surfaces are roughened rather than softened; 
the leaf of the anaqua (Ehretia anacua), is so rough that it will 
draw blood when rubbed .sharply across the face or the back of 
the hand. 

Notice the expression ‘leaves are developed.” Leaves are actually formed 
(in miniature) during the preceding spring and summer and wrapped up 
snugly within the protective leaf buds. They remain on the tree in this fonn 
through late sununer, fall, and winter, dormant like a chrysalis in its cocoon; 
in the spring they swell up, burst open the bud scales, and within a few 
days develop into full-sized leaves. At the same time next seasons leaves and 
twigs* are forming in miniature in their axils; and so the cycle goes on. 

“One defoliation will kill spruces and other evergreen conifers. 
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Some leaves have glands or gland-like structures of unknown func- 
ti(m. The leaf of the tree of heaven (Ailanthus), has two gland- 
like swellings at its base. The leaf of the eucalyptus has a curious 
vein running around its margin into which all lateral veins emp^. 
Many compound leaves grow wings along the rachises (extension 
of the petiole from which the pinnae or leaflets arise). 

Perhaps the most cmious structures of all are the pulvini — en- 
largements at the base of the petiole by which movement is 
effected when a leaf is burnt, pinched, or sometimes only touched. 
The pulvini are small chambers or reservoirs which may be 
quickly emptied in response to stimuli; the resulting decrease in 
turgidity causes the leaf to droop, folding downward like a board 
on a hinge. Some doubly compound leaves have pulvini at the 
base of each leaflet and at the base of each pinna as well as at 
die base of the primary petiole itself. When such a leaf is pinched, 
the leaflets (pinnules) fold together, the pinnae hang downward, 
and the whole leaf droops from the twig. If the stimulus is very 
slight, the reaction will affect only part of the leaf; as the stimulus 
becomes progressively stronger the reaction becomes proportion- 
ately greater. Plants with pulvini are fascinating to watch. The 
movement takes place with surprising quickness; one feels almost 
as if he were watching an animal. A number of tropical trees 
and smaller plants are endowed with pulvini. The most famous 
example is the sensitive plant (Mimosa pudica), found natively in 
many parts of Mexico, where it is called verguenza (“shame”). 

The legend of man-eating trees and vines in the jungles of 
Brazil or Borneo that have the power of seizing animals and men 
in their movable “tentacles” is legend only. Quite another thing, 
however, is the fact that certain trees and other plants can produce 
injury or even death by caustic substances found in their tissues, 
usually in the leaves. Common examples are poison ivy, poison 
oak, and poison sumac. Many tropical trees contain juices mudi 
more virulent than these. 

ORGANS OF REPRODUCTION 

The reproductive parts of a tree are its flowers and fruit All 
trees produce flowers, aldiough these are often so small as to 
escape notice. Some trees, however, do not produce fruits, for a 
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variety of reasons. Where fruit is present, it usually, but not 
always, contains seeds, for sometimes the seed fails to develop, 
even though the fruit does. On the other hand, seeds, where found, 
are mostly found inside a fruit, for by definition the fruit is the 
part that encloses the seed. The kinds of nonedible fruits are greatly 
in excess of the kinds of edible fruits. The apples, pears, and 
oranges are comparatively rare by the side of die vast numbers of 
elms, ashes, oaks, eucalypti and others whose fruits in the botanical 
sense are not the fruits of commerce. 

Some kinds of trees reproduce themselves vegetatively, that is, 
without the formation of seed. Some kinds habitually reproduce in 
this way; others do so optionally; others only under extraordinary 
circumstances; others are unable to do so. A tree may reproduce 
vegetatively by (1) sending up shoots from the roots; (2) growing 
a new individual from broken-off twigs; (3) growing from broken- 
off or cut-off branches or limbs; (4) having its buds grafted onto 
another stock; (5) by air-layering. Examples of the first method are 
the live oak, the silver poplar, the jujube, and the hackberry, all 
of which sucker profusely. Examples of the second and third methods 
are the willows and the gumbo-limbo (Bursera simaruba), which, 
even though sawed up into firewood, sometimes grow new trees 
from each piece. One of the reasons the river willows have spread 
so greatly is that broken-off twigs and branches are carried down- 
stream, lodge on sandbars, and grow into new trees. Examples of 
the fourth kind are the conunon grafts made on pecans, apples, and 
other valued fruit trees. Grafts are possible only among members 
of the same botanical family. Pecans may be grafted on hickories 
(and vice versa), and apples may be grafted on pears (and vice 
versa), but oaks may not be grafted on elms, nor sycamore on pine. 

A vegetatively reproduced tree is almost exactly like the one it 
springs from. For this reason, selected varieties are grafted or 
budded onto other scions so as to produce as nearly as possible 
the desirable characteristics. A tree grown from seed, however, is 
an entirely new individual, containing hereditary factors from two 
parents, and hence subject to variation. That the offspring is not 
always like the parents is as true among trees (seed-produced) as 
among animals or people. 

As observed above, all trees produce flowers, varying in size 
from die inconspicuous, colorless inflorescences of the elms to the 
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brilliant, showy, large-petaled flowers of flie magnolia, the royal 
poinciana, and the tuhp tree. Flowers are different in size, in 
color, in structure, and in number of parts. Some have four, five 
or six petals, some have none. Some have well-developed sepals, 
others have rudimentary ones or none at all. Some have as many 
as fifty or more stamens; others have two, three, four, or five. The 
sepals and petals, although usually the most conspicuous parts of 
a flower, are not die essential parts: these are the stamens and the 
pistils. 

The two essential processes in the formation of seeds are 
pollination and fertilization. Pollination is the transfer of pollen 
grains from stamen to pistil, and fertilization is the union of pollen 
cell with an ovule. If either of these processes is incomplete, no 
seed is formed. Polhnation is sometimes interfered with by heavy 
rains, snow, high winds, or other adverse weather conditions. It 
may be prevented by certain kinds of hormone spray. Some plants 
produce pollen before the pistils are mature, and contrariwise some 
pistils mature before the pollen grains are ripe. Sometimes the 
insects that are needed to transfer the pollen fjpm stamen to 
pistil fail to appear at the right time. In all such cases, pollination, 
and consequently, fertilization, cannot take place, and no seed is 
formed, even though stamens and pistils may be individually 
intact. 

A flower is said to be perfect when it contains both stamens 
and pistil. It is imperfect when it contains only stamens or only 
pistils. Flowers that contain stamens only are called staminate 
flowers or male flowers, since the production of pollen is con- 
sidered analogous to the production of spermatozoa in the animal 
body. Flowers that contain pistils only are called pistillate or 
female flowers, since it is in the ovary of die pistil that the embryo 
develops, as it is in the body of the female that the animal 
embryo develops. A perfect flower can fertilize itself (although it 
may also be cross-pollinated). An imperfect flower is useless by 
itself; the pollen produced by a staminate flower must be transported 
by some means to a pistillate flower. If both types of flowers are 
not present within reasonable distance of each o&er, pollination and 
resultant fertilization cannot occur. 

On some kinds of trees all flowers are perfect. On other kinds, 
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flowers are imperfect, but the arrangement of the imperfect parts 
varies from kind to kind. Sometimes male and female flowers occur 
irregularly distributed on the same tree; sometimes on die same 
branch; sometimes in the sam^ cluster. Sometimes male flowers 
occur on one (individual) tree, female flowers on another (indi* 
vidual) tree; in such cases the tree (species) is said to be dioecious, 
which is the Greek way of saying that husband and wife live in 
separate houses. In the cases where both male and female flowers 
occur on the same tree, that kind of tree is called monoecious 
(Greek for “living in the same house”). Willows, poplars, mulberries, 
Osage orange are dioecious. A tree of this kind must be either 
male or female; it cannot be both at the same time. Oaks, elms, 
and hackberries are monoecious. They can pollinate and fertilize 
tliemselves, so that one oak tree, for example may produce acorns 
year after year even though all other oak trees in the world were 
destroyed. 

Knowledge of a tree’s sex has extremely important practical 
applications. For example, dioecious trees must be planted near 
one another if seed and fruit are desired. Sometimes a tree fails 
to bear fruit because it is either male or female and the com- 
plementary sex is not present. (If it is male it will of course never 
bear.) If fruit is desired one male tree should always be planted 
with a group of female trees. As in animal husbandry one bull 
can serve a herd of cows so one staminate tree will pollinate a 
number of pistillate ones. Similarly as animal breeders select the 
most vigorous bulls and cows for the production of a more vigorous 
race so plant-breeders select the best trees for cross-pollination. 
Practical knowledge often precedes theoretic understanding. 
Ancient pictures represent the Egyptians of 2000 years ago hand- 
pollinating their date palms although they could not have understood 
the mechanisms involved. 

The objection to certain dioecious trees that bear undesirable 
fruit such as the Osage orange and the mulberry can be overcome 
by planting only male trees. Some dioecious trees are considered by 
many objectionable in both male and female form: the cottonwood, 
for example, whose staminate flowers form in long, sticky catkins 
dia^ make litter on the street and sidewalk, and whose pistillate 
flowers produce the cottony tufts that float through the air for days. 
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Monoecious trees that are ordinarily self-pollinating may be 
cross-pollinated artificially by early removal of the stamens and 
subsequent transfer of pollen from another tree. 

After pollination and fertilizatipn have taken place, die part 

die plant that becomes the edible portion is sometimes the seed 
itself, as in the various kinds of nuts; sometimes the enlarged and 
ripened ovary, as in the banana; sometimes the enlarged receptacle 
(part of the stem in which the stamens and pistil are set), as in 
the apple. When we eat a pecan, we eat the seed proper and discard 
everything else. When we eat a banana, we eat the ovary and 
throw away the receptacle (the sldn). (The aborted see^ are 
visible as tiny black specks embedded in the fleshy ovary.) When 
we eat an apple, we eat the receptacle and throw away the ovary 
(the hard core with its seeds). 

Trees are divided into two great groups, the gymnosperms and 
angiosperms, according to dieir manner of producing seeds. The 
gymnosperms (“naked seeds”) are so called because their seeds 
lie exposed to view inside the structure bearing them. An example 
is the pine tree, whose seeds are plainly visible at tl^ base of each 
scale of the cone. 

In fact, the entire group of conifers, or cone-bearing trees— the 
pines, firs, spruces, redwoods, and similar trees with needle-like 
leaves — ^belong to the g^^nnosperms. 

The angiosperms (“covered seeds”) receive their name from 
the fact that dieir seeds are entirely concealed with the enveloping 
fruit. An example is the apple tree, whose seeds are well protected 
and concealed in the very center of the fruit. In popular terminology 
it is preferable to reserve the term “fruit” to the angiosperms since 
its definition can hardly be broadened to include the cones or 
other seed-bearing structures of the gymnosperms. The broad- 
leaved trees, including nearly all the familiar shade and orna- 
mental trees, are angiosperms. 

Tree fruits exhibit as much diversity in size, shape, and structure 
as do the leaves themselves. The difference between the pine cone 
and the apple are not more striking dian the difference between 
a locust pod and a cherry, or between the winged fruit of the 
maple and the dancing ball of the sycamore. Botanists have given 
spcxfial names to the many different kinds. Fruits like those of 
the locust and mesquite (and bean and pea) are called either 
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pods or follicles, according to whether they dehisce, or split open, 
at maturity along two sutures or one. They are also called dehiscent 
fruits. Fruits that do not split open, whether pods, follicles, or any 
other kind, are indehiscent. 

Fruits like the cherry, peach, and plum (the “stone fruits”) are 
called drupes. Dry winged fruits like those of the ash, the mapl^ 
and the elm are samaras. Hard, dry, indehiscent fruits are achenes. 
Fleshy fruits with the seeds distributed in a hard core, like the 
apple, the pear, and the quince, are pomes. Fruits like the straw- 
berry, raspberry, and magnolia (developed from the multiple 
ovaries of a single flower) are aggregate fruits. Fruits like the 
mulberry, the fig, and the pineapple (developed from the partly 
fused ovaries of several flowers) are multiple or collective fruits. 

Fruits serve not only as protective containers for the seeds within 
but also as the distributing and propagating agency for these seeds. 
It is to the tree’s advantage to send its offspring as far away from 
itself as possible, so that they will have a better chance to develop 
and will not compete with the parent tree for space and food. 
The mechanisms by which translocation of the seeds is effected 
are very ingenious. Certain of the dehiscent pods open violently with 
a twisting motion that propels the seeds to a considerable distance. 
The double samaras of the maple are provided with wings that 
carry them (and the seeds within) to a little distance as they 
glide or twirl downward. On the fruit-balls of the sycamore each 
seed is outfitted with a tiny parachute so that with a little wind 
it blows far away. The coconut is adapted for transportation by 
water, sometimes circumnavigating the globe. Some fruits are 
furnished with hook-like appendages that cause them to stick to 
animals and hence be transported. Some, particularly the small 
drupes like those of the anaqua and hackberry, are attractive to 
birds, which while eating them unavoidably carry away the seeds. 
Some fruits are eaten by animals; the seeds of these, having a hard 
coat that resists digestion, pass through the animal’s alimentary 
canal unharmed and are deposited with the droppings, diereby 
being not only transported but fertilized at die same timel Many 
fruits are, of course, eaten by man, and the seeds of these are 
tran^orted in two ways: (1) accidentally, as when we spit out 
a grape seed or persimmon seed, and (2) intentionally, as when 
we seek out the best seeds and plant them. 
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Planting is an activity that has always fascinated the human mind. 
It is perhaps the most constructive and creative phase of the 
agriculturist's work. Regarded as a science, it may be said to reach 
its most technically advanced state, and as an art its culminating 
point, in tree moving,^ where man, surpassing nature, removes a 
large tree from its natural location and sets it down intact in a 
location of his choosing. 

Few things are more satisfying spiritually than the planting 
or transplanting of a tree. According to an old proverb, he who 
plants a tree loves other people. 

There is the story of a young man who was advised by a friend 
to plant an apple tree. “No,” he said, “it takes too long to grow; 
besides I haven't got tifeie.” 

His friend suggested the idea to the mans father. 

“No,” he said, “I’m getting to be an old man, and I’ll be dead 
before any tree I plant grows up.” 

The friend then took the project to the man’s grandfather, who, 
agreeing that it was a good idea, planted the tree, watered it, 
cultivated it, and lived to enjoy its fruit. 

What could better represent the growth of a family than the 

^ultaneous gjowthoi atiee? 

a 111x0:1: it is a \ieginning; it stands for youth, hopefulness, future. 

^ It brwdens and enlarges through the years, it symbolizes 

Je broadening of the couple’s ambitions and the enlargement of 

their fortune. Becoming still larger and heavier it comes to symbolize 


Inchw or^ iT^!Z ^ applied to shrubs and to trees four 

moving^ fa applied to large trees Mihere 
large balls of earth are involved and special equip^t is needed. 
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the stability and permanence of a well-established household. At 
its maturity it represents the quiet dignity of old age. 

WHAT SIZE? 

What size tree shall I plant, is the first question homeoAvners 
ask; the second question is, what kind? Obviously, the srnallftr the 
tree, the more easily it is transplanted and the less it costs, but 
the longer it takes to grow. If you want immediate shade, you 
should get the largest tree possible. If your budget is limited and 
your time is unlimited, you may well start with a series of small 
trees. 

As in investing money where the risk is greatest, the chance of 
gain is largest, so in transplanting trees, where the risk of the 
transplant’s dying is greatest, so the possible gain is largest, should 
it live. Small trees experience very little shock in moving and are 
almost certain to grow, even though set out by unskilled hands. 
Large trees, on the contrary, suffer considerable shock, even though 
moved by experts. The homeowner should entrust the moving of 
large trees only to the most experienced men and should insist on 
some kind of guarantee. (The usual guarantee is that if the tree 
dies within six months under reasonable care, it will be replaced at 
half the original cost. ) 

If there is an optimum size in selection of transplants, it is prob- 
ably a tree of 4^6 inches in diameter and 18-20 feet in height. 
Such a tree is not too small to mean years of waiting for shade and 
not too large to make its moving costly and dangerous. Trees of 
this size, skillfully moved and properly watered and fertilized, will 
grow vigorously, producing appreciable shade in the second or 
thir d year. Although theoretically no tree is too large to be moved, 
in practice the cost and mortality risk on trees of 10 or 12 indies or 
more becomes disproportionately great. 

WHAT KIND? 

The question of size is intimately bound up with die question cS 
kind, or species, . some trees are more easily moved than others, 
some grow faster, some live longer, etc. 
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Among the most desirable, all-purpose trees are the American 
elm, die sycamore, the pin oak, the red oak, the white oak, the 
hard maple, the ginkgo, the tulip tree, the ash, the linden, and the 
sweet gum. 

Each section of the country has its favorites to add to the list. 
In the South there are the live oaks, the pecan, the Spanish oak; 
in the Northwest the pines, firs, and spruces; in the East and North 
the birches, the walnut; in Florida and California the palms, the 
eucalypti, and so on. The ideal kind of tree to plant should be: 

(1) Naturally adapted to the climate and soil where it is to be 
placed, as proved by others of the same kind growing wild 
or transplanted in the same area 

(2) Hardy and relatively immune to diseases 

(3) Of reasonably rapid growth 

(4) Long lived 

(5) Straight and well formed 

(6) Adapted at mature size to the space it is intended to fill. 

Of these characteristics, rapidity of growth is pr(jbably the least 
important, while hardiness and a^ptation are the most important. 
Much depends on your objective. If immediate shade with no view 
to the future is desired, some very fast-growing tree, such as 
Chinese elm or chinabmxy, may be planted. If, however, a perma- 
nent investment is contemplated, then a nobler, sturdier, and longer- 
lived tree, like one of the oaks, should be planted. 

Many people avoid the horns of this dilemma by planting two 
trees at the same time: one a slow-growing tree of a highly desir- 
able variety and the other a fast-growing tree to be cut down at a 
later date when the first will have developed to agreeable size. 
It should be noted, however, that while many “good" trees are 
slow growing, it does not follow that all fast-growing trees are 
necessarily “bad.” The sycamore, the eucalyptus, most of the elms, 
and some of the oaks grow very rapidly and still make excellent 
trees. 

Although there are a number of trees that will meet the above 
qualifications, there are more that will not. In choosing further 
among those that do qualify, the personal tastes of the owner must 
guide him. With trees, as with politics, there exist wide divergences 
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of feeling, even within an established frame of common agreement. 
Some people worship the sycamore as the most beautiful of trees; 
others curse it as a nuisance because of its large leaves and fluffy 
fruit balls. Some believe the American elm the world’s best tree; 
others hate it because of its ubiquitous roots. Some consider die 
tree of heaven an object of adoration; others sneak out at night 
to pour kerosene around its roots. De gustibus non disputandutn 
est. All the tree expert can do is to recommend certain trees for a 
certain locality. From such a list the homeowner is free to pick out 
the ones he favors. 

It should also be noted that trees suitable for a lawn are not 
necessarily suited for streets and avenues. Although lawn trees 
may justifiably be wide spreading, short lived, even “messy,” trees 
intended for parkways should be none of these. Their qualifications 
are much more strictly delimited. They should form a compact head, 
affording much shade, but neither too tall nor too wide. If too tall, 
they conflict perpetually with overhead telephone and power lines 
and constitute a danger to pedestrians and automobiles underfoot; 
if too wide their limbs hang down into die street. They should be 
extremely hardy and long lived, in order to resist the difBculties 
of their environment: cement slab on one side, sidewalk on the 
other, thoughtless passersby who hack on their trunks, and scrapings 
and collisions from automobiles. They should be more or less “clean” 
in their fruit and leaves, for any tree which makes conspicuous 
litter underfoot is sure to meet with public disapproval, however 
meritorious it may be in other respects. They should be strong 
wooded, able to withstand storms; and finally they should be attrac- 
tive and shady, for this is their entire purpose. 

To find a tree having all these characteristics is indeed difBcult; 
and the problem is complicated by the fact that each region must 
find trees suited for its particular climate, soil constitution, and 
biological environment. Those who are unfamiliar with trees com- 
monly in use in their area will find helpful an evaluation made by 
members of the National Shade Tree Conference for the several 
regions of this country and published in its Proceedings 

Most cities manage to solve the problem in time, some more 
successfully than others. It is interesting how we associate certain 
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trees wilih certain cities. Often the dominant impression a city makes 
upon us consists of its beautiful tree-lined avenues; these we re- 
mmber long after the confused impressions of building, mxiseums, 
and store windows have faded away. Berlin is (or was) famous for 
its avenue of lindens, Paris fm: its poplars and horse-chestnuts, 
Japan for its cherry trees, Mexico City for its ashes, Los Angeles 
for its palms. An examination of the cities of the world will reveal 
that almost every kind of tree has |;een tried at some time or other 
as a street tree. 

In this search for the ideal street and avenue tree one caution 
should be observed: it is probably not wise for a city to plant one 
tree exclusively, for in the event of an epidemic of some kind she 
might face the loss of all. 

WHERETO GET IT? 

After settling the question of kind and the question of size, the 
third question is where to get the tree. Shall it be dug up in the 
neighbor s yard, dug in the woods, or bought from a nursery? If 
the moving is to be done by a tree expert, that problem is of course 
his. However, for the benefit of those experimentally minded home- 
owners who undertake po move trees on their own, a little discussion 
of this issue is not amiss. 

Wilding trees (those growing in the woods and never having been 
moved or root-pruned ) ordinarily have a long, straggly root system 
which makes them difficult to transplant; moreover the soil is often 
rocky and difficult to work in. Nursery-grown trees, on the other 
hand, are usually root-pruned from time to time in such a manner 
that they develop a dense, compact mass of roots confined within 
the limits of a reasonably small ball. In addition they are grown in 
the best possible kind of soil: rich, light, ideal for digging and ball- 
ing. Wherever possible, the nursery-grown tree is to be preferred. 

On occasions, however, where no large-sized or desirable nursery 
h'ees are available, or where it is wished to move a particular 
tree from one location to another, then there is nothing to do but 
to accept the adverse conditions characteristic of the wilding tree 
and attempt to overcome them. 

Whatever tree is settled on for moving, it should be thrifty, 
vigorous, full-limbed, free from cavities, bark disfigurations, twig 
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or leaf diseases, or any o&er kind <rf abnormality. No tree in a 
declining condition should be moved. Similarly, no tree should be 
chosen for moving that is dose to a sidewalk, street, building, or 
oth^ tree, for half its roots will be unavailable for digging. 

It should also be remembered diat the limbs and crotches of a 
young tree will not increase their distance from the ground as die 
tree grows; thus a large limb or a low crotch three or four feet from 
the ground will always remain at that level unless cut off. (Many 
people are misled on this score, believing the tree to grow all over 
as an animal does.) Generally it is preferable to select a tree 
with straight trunk, free of limbs up to a height of 5 or 6 feet. 
However, low crotches or low hmbs are not always undesirable, 
much depending on the kind of tree, the location, and the purpose it 
is desired to serve. 


PREPARING THE HOLE 

The hole should be prepared before the tree is moved. It should 
be dug larger than the exact measurements of the root system to be 
transplanted, preferably twice as large or in certain situations still 
larger. That is, if the roots measure 4 feet across and feet deep, 
the hole should measure 8 feet across and 4 to 5 feet deep. In poor 
soil, the enlargement of the hole is particularly necessary. All rocks 
and undesirable soil are carted away, and the hole is partly refilled 
with prepared soil of the mixture best suited to the kind of tree 
to be planted. The reason for making the hole larger than apparently 
necessary is easily understandable, for when the root-system, which 
has been trimmed back to the edge of the ball, begins to grow, the 
thousands of new rootlets that push outward will more readily 
enter the filled soil that has been loosened and enriched than tibey 
would the rocky, inhospitable rim of the original excavation. 

Or dinari ly^ the digging of an extra large hole and the refilling 
with imported soil is sufficient provision for giving the transplant 
a good start. In unusually rocky, clayey, or tightly compressed 
soils, however, dynamiting is sometimes resorted to to loosen up 
the ground. 

In, some kinds of soils drainage provisions must be made. It is 
perhaps not generally realized that a tree can be killed by txx) 
much water as well as by too little. Any tree whose root system is 
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completely submerged in water will die in a short time. Proof of 
this, in the form of dead trees, may be easily foimd in regions where 
floods have left water standing around trees or in regions whCTe 
swamp levels or lake levels have suddenly risen and entrapped near- 
by trees. Even the trees most intimately associated with water — 
willow, cypress, cottonwood, box elder — grow on the river bank, not 
in the river channel. 

All tree roots must have air, an4 that air must come to them 
through the tiny pores of the soil. When the air supply is shut off 
by flooding (or by superimposing layers of heavy soil), the tree 
dies. Many times a heavy clay layer of soil exists, or is artificially 
made to exist by poor cultivating practices, under the surface soil. 
This “hardpan,” as it is called, prevents the normal draining away of 
water, and in times of excessive rainfall or excessive watering, so 
much water accumulates in the surface soil tibat trees in this area 
die by asphyxiation. Such a hardpan layer sometimes exists many 
years, even around favorite trees, without coming to notice until 
certain changes in the environment develop its potential hazard. 
The commonest example is that of a tree that suddenly dies after 
shrubbery has been planted around it. Does the shrubbery cause the 
tree’s death? No, not directly, but indirectly yes, because of the 
stepped-up watering program given the shrubs, with the result that 
an unusual quantity of water aocumulates around the tree, and it 
dies. In such cases the shrubs, with their shallower root system, 
may hve on, and the owner may never suspect the truth. 

In locations where drainage is suspect, it may be improved by 
incorporating sandy loam or quantities of humus into the soil. 
The planting hole may be dug unusually deep and partly filled with 
gravel to make sure that water will drain away from the roots. In 
extreme cases there may be installed an underground drainage sys- 
tem consisting of tile pipes slanted in such a manner as to carry 
water away from the roots. 

DIGGING THE TREE 

With the tree selected and the hole dug, there remains only 
die actual moving of the tree. Digging out the tree, moving it to 
its new location, and planting it should be done as carefully as 



PLANTING 43 

possible and without unnecessary waste of time. The less time lost 
in transit from old site to new site the better the chance of survivaL 
Tree roots dry out rapidly in air and sun. A tree out of the ground 
is like a fish out of water; and aldiough it may be made to survive 
in a state of suspended animation for a considerable length of time, 
its roots are nowhere so weU off as in the ground. 

Trees are moved in two ways: bare-rooted, and balled and bur- 
laped. Bare-rooted trees are the easier to dig and move because of 
die little weight involved. Balled trees of any size must be moved 
widi special equipment because of the very great weight of the 
balls of earth. 

Most deciduous trees may be moved bare-rooted if not over 3 or 
4 inches in diameter. Some species, such as the sycamore, the 
poplar, and the American elm, experience very little shock in being 
moved. Others, while they survive, lose a year or so in re-establish- 
ing themselves. In some localities they may be moved either in the 
fall or the spring indifferently. The advantage of fall planting is that 
the roots have an opportunity to become active very early in the 
spring and hence gain a start over spring-planted trees. In regions 
where winters are severe and prolonged, tender trees are best 
planted in the spring. 

A bare-rooted tree should be dug out with considerable cate. 
A circular trench is dug around it about 3 feet deep and 2J* — 3 feet 
removed from the trunk. AH the roots encountered in this trench 
are severed cleanly with axe or shears. Then slowly and carefully 
the dirt is worked loose from the roots within the circle, the tap- 
root (if any) is cut off as low as possible, and the tree is lifted out 
of the hole. All broken roots -ure cut back; all cut and skinned 
surfaces are painted; the roots are covered with wet straw, wet 
newspapers, or better still, stuck into a mud bath, and die tree is 
taken as rapidly as possible to its destmation. Cloudy, rainy days 
are the best for transplanting. If the sun is out, the roots should be 
shielded from its rays. As many of the tiny fibrous roots as possible 
should be preserved: they are the true feeders, and if they are 
destroyed, the muscular roots must grow new ones before the tree 
can draw anything out of the soil. Since the fibrous roots of balled 
freeware not disturbed, these suffer less shock than bare-rooted trees. 

Most trees over 4 inches in diameter should be moved with a ball 
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of eartix surrounding die roots, aldiough in former times bef(»e 
specitd tree-moving machines were available, many large trees 
were moved bare-rooted. All evergreens should be balled. 

Balled trees are harder to move but easier to dig. The digging 
begins widi a circular trench, as for a bare-rooted tree. As the 
trench is deepened, the roots are cut off cleanly with axe or shears 
and painted over. Care is taken not to break the ball or to loosen 
the roots within the ball. At the bottom the trench is tapered in 
toward the center, thus rounding off die ball. The final, undemeadi 
cut is made by hand tools, if the ball is small, or by a winch cable, 
looped around and puUed through, if the ball is large. (Burlaping, 
however, should precede the undercutting. ) 

The size of the ball is, of course, in proportion to the size of the 
tree. The usual rule is 8 to 10 times the diameter of the tree trunk — 
that is, a tree 6 inches in diameter is moved with a ball 48 to 60 
inches across; a tree 4 inches in diameter should have a ball 32 
to 40 inches across, etc. 

In large trees (one foot through or more) the tree should be 
prepared for moving two years ahead of time. The circular trench is 
laid off, as just described, but is dug in sections. Suppose the trench 
to be divided into six segments. The first year three non-consecutive 
segments are dug, the poots severed and painted, and the dirt re- 
placed and perhaps richened. The next year the remaining three 
non-consecutive segments are dug, the roots in these areas cut, and 
the dirt replaced. The third year the trench is reopened all the way 
around, and the tree is ready to be moved. 

Cutting the roots while letting the tree stand is a method of 
root pruning that forces the development of new fibrous roots 
within the ball to be moved. Spreadmg the work out over three 
years prevents the tree from experiencing too great a shock at one 
time. Actually the work could be spread out over five or ten years, 
if it were not for the fact that by the time the last segments were 
dug, the roots in the first segment would have grown back to their 
original proportions, and the work would have been done in vain. 

The exact shape of the ball varies with the kind of tree. Trees 
with a long taproot, such as die pecan, should have a long, conical 
ball. Those with shallow, wide-spreading roots, such as the ^Ims, 
should have a wide, flat ball. Those with deeper roots, such as most 
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<rf the oaks, should have a ball more nearly equal in width and 
depth. Rarely is the “ball” actually a ball; more generally it is 
conical, truncated, ovaloid, or even square. 

The objective is, of course, to shape the ball in such a manner 
that the greatest number of roots is contained within the smallest 
possible area. The more roots that are moved with the tree the 
better; on the other hand dirt is extremely heavy, a cubic foot of 
average soil weighing about 110 pounds. A rapid way to estimate 
the weight of a ball is the following: Square the diameter of the 
baU (in inches); multiply this by its depth (in inches); subtract 
one-third from the total; and multiply the total by .075. The result 
will be the weight in pounds. 

PREPARING THE BALL 

Once the ball is shaped, the problem is how to lift it out of the 
hole and hoist it onto the conveying vehicle without breaking the 
ball or loosening the roots. There are several solutions to this prob- 
lem. 

In the North when the ground is deeply frozen, a ball of earth 
may sometimes be hacked out and moved as one frozen mass with- 
out wrapping of any kind. In some kinds of heavy, gumbo soil 
the same thing is true: the dirt can hardly be knocked loose with 
a hammer. Some kinds of palms can also be moved without wrap- 
ping, their fibrous roots being so numerous and so tightly inter- 
twined as to hold the soil effectively. 

In extremely sandy soil, on the other hand, it is as difficult 
to hold the ball together as it Is to weave the traditional rope of 
sand. In such cases the box method is used. A trench is made as 
usual, but square not round, and tapered inward somewhat toward 
the bottom. A box of heavy oak boards — bolted, not nailed, at the 
comers — is built up around the square “ball.” Other oak boards are 
worked under the bottom and bolted to the side boards. These 
bottom boards are cut longer than the width of the ball so that 
their ends protrude. Strong hooks are fastened to the protruding 
ends, ropes are tied to the hooks, and out of these a rope cradle 
is bjjilt up. A truck with winch and A-frame then hooks onto the 
rope cradle and hoists the box and tree straight upward. In this 
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position ihe tree can be moved to the planting site, if nearby, or it 
can be transferred to a flat-bed truck, if the haul is to be a long one. 

The most commonly practiced method, however, is to wrap the 
ball tightly with burlap and/or canvas. Nearly all small nursery 
plants are balled and burlaped; hence the designation "B and B.” 
It might seem that burlap would not be strong enough to hold 
together large balls of earth; but when it is wrapped tightly and 
properly and reinforced with a canvas overwrap, it is adequate for 
everything except the most imusual cases. 

The burlap used is in the form of cut-open burlap sacks. The 
sacks are wrapped as tightly as possible around the ball and are 
pinned together with special nail-pins at every point where they 
overlap. For very small balls one or two sacks are enough to com- 
plete the wrapping. For large balls many sacks must be joined 
togetiier. 

After the ball is wrapped as snugly as possible, it is further secured 
by lacing. “Lacing” means the enwrapment of the ball by small 
ropes, about the size of a window sash cord. These ropes are 
wrapped in such a way as to form a tight net finbly holding the 
ball together. Insterstices of the net may be 4-5-6 inches wide, 
according to the manner of lacing. Small balls need not be laced; 
large ones must be. 

LIFTING AND LOADING 

Once the ball is burlaped and laced, it still needs to be hoisted 
out of the hole and onto a conveyor. There are several methods 
by which this may be done. 

The problem is not so much the weight of the ball, although this 
often runs into several tons, as the method of attaclunent, for the lift- 
ing must be done against the ball of earth, never against the trunk, 
which is easily dam.iged. 

Various kinds of rope or canvas slings are used for this purpose. 
The sling is placed around one side of the ball, and the ball is 
tilted over upon it. The ends of die sling are attached to a winch 
line suspended from an A-frame or to a chain hoist mounted pn an 
I-beam running the lengdi of the truck. Improved types of slings, 
consisting of metal bands or rubberized belting, which are made to 



PLANTING 47 

fit snugly about any size ball, have recently appeared on the Tnarltf»t, 
The advantage of the sling is that, like the box, it allows the tree 
to be carried in a horizontal position for a long haul. 

Another interesting method is to work a heavy round iron plate 
under the ball; then to force a heavy iron rod through the ball in 
an upright position close to the trunk, taking care not to damage 
the roots. The rod fits into a special slot in the plate, where it is 
secured by a pin passed through a hole in its tip. The upper end of 
die rod, left sticking out of the ball one or two feet, terminates in 
an eye, to which a winch cable is fastened. The tree may then be 
lifted straight up and transported in this position to the new site. 
Disadvantages of this system are the difficulties of working the 
plate under the ball and guiding the rod to find the slot. Whenever 
it is possible to tilt the ball over slighdy, these difficulties are 
obviated. 

A third method is to slide the ball onto a platform made of strong 
oak planks securely bolted together with stout cross pieces on the 
underside. One side of the trench is enlarged to form an inclined 
plane, and the platform is slid up the inclined plane to ground level. 

For sliding the ball onto tire platform a mat made of woven 
ropes, rubber strips, or close-meshed fence wire is useful. The mat is 
looped over the thither side of the ball and pulled by ropes fastened 
to its ends, hammock fashion. The platform has iron rings along its 
edges to which chains or cables are attached for pulling it up the 
slope out of the hole, 'dotive power is furnished by a winch tnidc, 
anchored in front to a distant tree or stump. When the tree reaches 
ground level, it may be slid on»o a low-boy trailer and transported 
upright, if not too large. 

Special tree-moving trucks and trailers are now manufactured that 
will load trees easily and efficiently. However, any large, strong, 
flatbed truck can be equipped to do the work for all except tihe very 
largest tree. The essential elements are two overhead metal arches 
from which is suspended an I-l»eam with a traveling hoist. 

A large tree that is to be taken very far needs to be tied securely 
to the truck to prevent side-lash and damage to branches or trunk. 
Branches of spreading trees need to be drawn together with a rope. 
Right-of-way should be obtained ahead of time, the shortest route 
mapped out^ bridges tested, etc. Four to seven men are needed 
to transport and plant a large tree. 
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PLANTING 

When it reaches the planting site, the tree should be taken off 
the truck with great care and set into the previously prepared hole. 
If it is bare-rooted, it can usually be handled by five or six men. 
If it has a small ball, it can be rolled down an inclined plane made 
by leaning planks against the edge of the truck platform. If it has 
a large ball, it is lifted by a chain hoist, a winch line passed through 
an A-frame, or some similar device. 

The tree should be planted at the same level at which it was 
formerly growing. If set too deep, its roots may suffer from suffoca- 
tion. If set too shallow, they may dry out in the air and sun. Elms, 
in particular, have roots very close to the surface, usually buttressing 
out from the trunk several inches above the ground. 

Bare-rooted trees need to be planted more carefully than balled 
trees. Broken or scarred roots are cut back and painted over. Criss- 
crossing roots are eliminated as much as possible. The tree is set in 
the center of the hole and lined up straight both on its north-south 
and east-west axes. If a small tree, one man can bold it straight 
while the others shovel in the soil. If a large tree, it can be con- 
veniently kept supported by ropes. 

If there is a drainage problem, gravel or sand should be placed 
in the bottom of the hole to prevent water from standing around 
the roots. The hole is then filled with good, rich, porous, well 
broken-up soil. If there is no drainage problem only soil need be 
used. The subsoil excavated when digging the hole is, of comrse, 
discarded. 

The soil is worked very carefully around the roots, patted and 
tamped firmly with the hands, fists, and, where no injury will result, 
with the feet. It is not enough just to shovel the soil in and assume 
it will pack itself. It won’t. Air pockets will be left, with the result 
that some roots will remain out of contact with the soil; and later 
with the first rain or first heavy watering the soil will sink and 
puddle. 

Fill all spaces under and in between the roots. Do not double 
die roots upon themselves or hend or twist them in any way. 
Where a root is too long for the hole, make the hole bigger or shorten 
the root; do not force it into a bent position. Lay out the roots 
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gently, caressingly. Try particularly hard to keep from damag ing 
the small, fibrous rootlets, which are the true feeders. Extend, fill, 
pat, and tamp. Gradually build the soil up to the consistency and 
firmness of long-established soil. Try to deceive the tree into 
thinking diat it is in its native bed. Build up a ring of earth around 
the rim of the planting hole to prevent water from running off. 

Balled trees are easier to plwt. The ball should be lowered care- 
fully into the hole, which is previously measured so that when the 
ball comes to rest, its upper surface will be approximately even 
with the surrounding soil. When the platform is used, it must be 
removed without injury to the ball. The tree is set as straight as 
possible. Before the lacing is taken off, the ball may be moved 
and twisted about to a limited extent even after it is in the hole. 
After the lacing is removed, however, the trunk should not be 
pushed on or the ball twisted, since the soil may break away from 
the roots. The lacing and as much as possible of the burlap 
wrapping should be removed, though the burlap will quickly decay 
if it is too diflScuIt to remove. 

Good soil is then shoveled into the treiich around the ball and 
tamped down firmly. A ring of eaith is built up around the planting 
hole, just as with Ae bare-rooted tree. 

WATERING 

Contrary to commun practice, the hole should not be watered 
just before or during planting. Watering at this time makes planting 
more difficult, prevents tamping, and causes the formation of clods, 
which when dry can hardly be broken up. Watering is therefore 
best done after the planting operation is finished. It should then be 
done copiously but slowly. 

Open the hose moderately, put a board or a rock within the 
ring of earth, and let the water fall on the board and spray out, 
to reduce its erosive action. Ltt the water run three or four hours. 
Do not repeat until the soil seems to be getting dry. This will mean 
watering once or twice a week, according to the nature of the soil 
and the kind of weather. 

Remember, too much water is as harmful as too little. The soil 
should be kept moist but not saturated. Sprinkling and other fmms 
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<il siifierflom watering arO of little value; tb^ aaay actual^ In* 
liannful by encouraging the roots to grow too cSo# to 
Flooding is stoiilarly doubtful. Since water eaipi'he the 

soil only at a certain rata, a great quantity Id a 

short tune i| wasted. 



Newly l^ied trees trcna an s^neatlOKtf ot 

plant f 000.^ jit is, howevea; it tnWhe to use too much 

fertilizer*'b|#'too oonccailsi^ a 4 tm» Slhs watering, feeding can 
easily be Oitierdone. It iS peihilia better tb use no fertilizer than to 
Hfe the wrong Idad. Good rich sdl j^hwod hi die planting hole is 
ly adequate. 

le khtd of plant food seems desirable, however, it may 
the ham of well»lOtted manure or bone meal (the 
' ^^fzers) in qumatities not to exceed three pounds per 

slmuld be toorougbly mixed 
1^, 19^ jtoft dtmiped in one segment* of the hole. In 
d txees, ft may be applied witliin the ball by the 
.jlieidkid, cff It may be mixed widi the soil in the sur- 
Ch. Go^f&oeroial fertdizms are not recommended for 
on transEdants, 



BRACING 

Ifhe bmn^lanted) tree usuaD^ needs artificial support until it 
can estabhsh itsetf. If allowed to blow iibout in the wind, the new, 
developing rootlets will be broken. 

Guy wires are most commonly usCd for this purpose. Three or four 
pfhres (small cables) are attodbed to stakes driven in the ground 
ly arotmd the tree. The stakes should lean away from 
and be xmtched on Hhe her sfdb. The wires are fastened 
tree by wrapping theni aromid raxhions of budap or canvas, 
diem throng ^hoft lengJ^P df rthbw^bose. On large 
may be attodhed to lag starew hoole. (See dhaptor on 
disadwintage of wires is thit are a tripping 





Plate 3. Above: Typical excurrent trunks; Ponclerosa pine, left; 
Douglas fir, right. (U.S. Forest Service photographs.) Below Typical 
deliquescent trunk, exhibited by the post oak. 
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Plate 5B Left One\^a\ to brat t antwK planttcl tit( Note lolcled Ijiirlap under 
wooden blocks, naikd in place Ri^^ht Wrapping tbt trunk with special 

paper will prevent sunburn, desiccation, and attack hy borers 



Plate ()A. The green leaf, worlds most important factory (American elm). 



Plate 6B. A section of oak showing outer bark, inner bark, sapwood, and heart- 
wood. \ ascular rays run radially from near the surface toward the center. 
Grow'tli rings can also be seen, particularly in the heartwood. \\T}ere rays and 
rings intersect, the effect is of small squares. 
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surface, does not destroy the tree’s natural framework. The roots 
soon re-establish themselves, and in a short time ihe reduced top 
grows back to its original size. Since evergreens usually have a 
cmnpact root system that is easily enclosed within a relatively small 
ball, they need less top pruning when transplanted. 

For several years Aere have been on die market various wax 
preparations for use on transplants. Sprayed on foliage and trunk, 
they coat all surfaces with a thin layer of wax that serves to prevent 
evaporation very effectively. Many arborists use them on evergreens 
and also on deciduous trees that are. being moved when in leaf. 

HORMONES 

Various chemical preparations called “plant hormones,” com- 
posed of organic materials such as indolebutyric acid, have been 
marketed in recent years. These are designed to stimulate the rapid 
formation of new roots; hence they are useful in starting transplants. 

The use of these materials is still in the experimental stage, 
although promising. Manufacturers’ directions should be carefully 
follow^. In good, rich soil there is little need for them. 
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Pbuning is the most widely practiced aspect of tree care and one 
of the most important. Of the tree expert’s time about 60 per cent 
is spent on pruning, the other 40 per cent being distributed among 
cavity repair, spraying, fertilizing, cabling, transplanting, removing, 
etc. The tree expert may omit one item or even several items from 
this list of activities and still remain in business, but he cannot 
omit pruning. Pnining is the staple of his trade; the first tool he 
buys, and the last one he sells, is a saw. 

Dc.spite its paramount jx)sition, pruning is at least as much mis- 
understood and malpracticed as any of the other phases of tree 
work. Anybody can saw off a limb, we are told; and from the ground 
point of view, it must be admitted, the thing docs seem simple 
enough; nevertheless, in practice, it turns out that almost nobody 
can saw off a limb correctly without instruction, and that even 
experienced tree workers may make 10 to 15 per cent of their cuts 
improperly. 

It is hoped that the discussion which follows will help the home- 
owner to pnme all the trees that are within his reach. With the 
right kind of tools the pnining of small and medium-sized trees is 
a comparatively easy job, once the principles have been grasped. 
The pruning of large trees, however, where special climbing skills 
and special equipment are needed, is better left to the professionals. 

DEFINITION 

Pruning means ( 1 ) the cutting out of all dead and diseased wood 
and (fi.) the cutting out or clipping back of any live wood consid- 
ered necessary for environmental reasons or for training the tree 
into a desired form. 
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PRUNING DEAD WOOD 

The cutting out of dead and diseased wood is of prime urgency; 
it is imperative not only for the tree’s health and appearance but 
also for the safety of those who pass imder it Dead wood adds 
unnecessary weight to the tree, possibly causing it to split apart 
under strain when otherwise it would not have done so. Many 
dead branches are green along a region 4 or 5 inches out from their 
base, causing a diversion and evaporation of sap from the healthy 
tissues. Dead limbs fall in heavy winds or even without winds to 
damage automobiles, houses, fences, or pedestrians. Court records 
contain many curious suits that have been filed on this account. 
Worst of all, perhaps, dead limbs serve as breeding places for 
insects and focal points for decay-causing organisms. Sanitation, as 
important for the shade tree as for the fruit orchard, means the 
careful pruning out of all dead and diseased wood and its subse- 
quent burning or hauling away. 

PRUNING LIVE WOOD 

The cutting out of live wood is a matter that calls for intimate 
knowledge of each tree, according to its kind and condition and 
surroundings. The most common reasons for cutting off sound 
limbs arc; (1) their interference with power lines, pro.\imity to 
houses, or interference with traffic of the streets and sidewalks; 
( 2 ) their growth toward the inside of the tree ratlier than the out- 
side (in the case of deliquescent trunks); (3) their rubbing against 
each other. In all .such situations it is usually advisable to remove 
limbs even though they may be attractive and healthy. When two 
limbs are rubbing against each other, it is sometimes convenient to 
bolt the limbs together, but where this is not practicable, it is 
advisable to remove the smaller or less desirable one. 

In pruning, the natural lines of a tree are followed as closely as 
possible. Some trees have upright habits, others are drooping; some 
are spreading, some are roimded, some conical, some massive, some 
dainty. Clearly, the same procedure cannot be applied to all. 

To cut off all down-hanging limbs on a weeping willow would 
destroy its charm. However badly or strangely pruned, all trees 
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tend to revert to their natural form as soon as possible. The skilled 
pruner works with nature, not against her, and tries to make mote 
striking the effects which she has clearly intended. 

In general, trees are trained to have a more or less open center. 
Branches growing on the inside of the main framework limbs are 
cut off to prevent choking up the tree’s center. New shoots, called 
“suckers” or “watersprouts,” which appear on the lower trunk are 
also removed.^ The principle followed in such pruning practices 
is to divert the growth of the tree as much as possible toward the 
top and outside. (Topping, or pollarding, exactly reverses this 
process. It deliberately cuts back the top and sides of a tree in order 
to make the lower part bushier and branchier.) 

Trees like the pines that have a central bole going straight upward 
with a series of radially branching limbs cannot of course be pruned 
to have an open center. In their case only dead, overlapping, and 
interfering branches are removed. 

Pruning is usually the first step in the rejuvenation of a neglected 
shade tree. It is done before cavity repair, cable installation, feed- 
ing, or spraying. Pruners start in the top of the tree and work down, 
dislodging all “hangers” as they go. Pruners should exercise ex- 
treme care when working near power hnes and should wear safety 
ropes at all times. 


METHOD OF CUTTING 

To cut off a limb correctly it is necessary to cut it at a joint: 
either flush with the main trunk, if it is a major limb, or flush with 
whatever limb it issues from, if it is a smaller branch. To cut flush 
without leaving stubs and lips or shoulders and comers is much more 
difficult to do than to say. While the idea is simple enough and 
readily enough grasped by anyone, its execution is a matter that 
calls for considerable skill and practice. The difficulty is caused 
by the fact tliat limbs emerge from tnmks or parent limbs at every 

* Most people believe watersprouts should be removed because “they draw 
nourishment from the tree.” This is false reasoning, for, having leaves, they 
help manufacture food for the tree as much as any other limb, although 
naturally using part of it for their own growth. They should be removed 
simpl/ because large limbs — ^which they will become — are ordinarily not 
wanted at the points where they appear. 
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cmiceivable angle and in positions sometimes almost inaccessible. 
A good climber with a hand saw can make nearly all cuts well in 
small or medium-sized trees; but in very large trees, whose top and 
extremities cannot be reached by ladders or by climbing, and where 
reliance must be placed on long-handled pole saws, a certain pro- 
portion of cuts is sure to be made improperly. It is impossible to 
make flush cuts around comers, howsoever slight the curvature may 
seem. When the saw blade is not placed at the proper angle to 
the limb to be cut, the resultant opt cannot be flush. This fact is 
the key to good or bad work. To turn the saw blade at exactly the 
right angle for each cut, neither to one side nor the other, neither 
too deep nor too shallow, is the essence of good pmning. 

When a limb is not cut off flush, a stub or lip is left over which 
the tree cannot form a callus. Decay and disease enter the heart of 
the tree through such unhealed wounds, which will remain unhealed 
until the stubs are sawed off or chiselled out. A stub so neglected, 
sticking out from and opening into the live tissue of the tree, may 
be compared to a thorn or a splinter embedded in and projecting 
from the flesh. Neither the skin of tlie body, nor the bark of the 
tree, can heal over their respective wounds; hence an avenue is 
laid open for tlie entrance of foreign particles into the interior of 
the organism. 

Making all cuts flush,i-'while the main problem of pmning, is not 
the only one. Care also must be taken to prevent the bark below 
the cut from tearing down when the limb drops off. Although 
small limbs may be cut off without any special precautions, large, 
heavy limbs demand special technique for the reason that their 
weight pulls them down when sawed only part way through, with 
the result that the bark, and sometimes part of the wood, tears 
dovra along the adjacent tissues of the tmnk (or parent limb). On 
some groups of trees (elms, for instance), the bark tears much 
more easily than on others. On the Chinese elm, strips of bark 3 or 
4 feet long may be tom down by incautious pmning. Such scars 
not only disfigure a tree but may do it serious harm by exposing 
large surfaces of wood to attack by fungi and insects. 

There are several methods by which splitting or tearing down 
can be prevented. One is by undercutting the limb one-founth or 
one-third of its thickness before beginning to cut from above. This 
procedure, practicable on small or medium-sized limbs, is harder to 
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apply on large limbs because of the difficulty (tf sawing upwards 
widi a heavy saw. Anodier method is by malring a cut from each 
side in the form of the letter “V” with the apex at the bottom; diis 
is actually a modified form of undercutting and in many cases may 
be found more convenient. A third method is by anchoring the limb 
with a rope tied near its center of gravity and passed over a limb 
above; this method has the advantage of simultaneously securing 
the limb for lowering and preventing splitting at the cut by not 
slacking off until the cut is finished. Still another and perhaps the 
safest method is by first cutting the limb off at a point 2 or 3 feet 
distant from the place where the final cut is to be made, after which, 
with the dangerous weight removed, the resultant stub may be cut 
off cleanly. 

JUMP CUTS 

A “jump cut” allows a limb to break off cleanly and suddenly. It 
is accomplished by sawing tlic limb one-half or one-third of the way 
through on tlie underside, then sawing in on the upper side one or 
two inches out and away from the under cut. WTien the upper cut 
reaches the lower cut, the intervening strip of wood breaks off 
sharply and cleanly, and the cut limb jumps away from the uncut 
portion out into space. 

This is very useful in those cases where the limb has room to fall, 
avoiding the necessity of tying a rope on it. If the upper cut is 
made several inches n from tlic under cut, however, the limb 
instead of jumping will split downwards for a considerable distance, 
getting out of control and damaging other parts of the tree. 

If the limb is sawed from cnc side only, it will, in some trees, 
break slowly and remain hanging from the bark and part of the 
sapwood, frequently becoming entangled with limbs farther down. 
In other trees it may break slowly, then let loose suddenly or other- 
wise behave unpredictably. There are, of course, occasions where 
it is desirable for a limb to break slowly. 

LOWERING LIMBS 

Cutting off limbs is one problem; getting them to the ground 
safely is another. In an open situation, with no obstacles beneath, 
most limbs can be allowed to fall freely; the larger, heavier limbs. 
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however, should be let down with ropes because of tiie danger to 
workers and possible breakage of branches lower down. In working 
above a house, street, utility wires, or other damageable property, 
such as lawns, every sizable limb should be lowered by ropes. While 
considerable time is consumed in exercising this caution, it is time 
well spent, for a falling limb sometimes strikes and bounces in a 
way that not even an expert can foresee. 

Large limbs should be tied with three ropes: one strong one tied 
near the center and passed through a crotch or over a limb above to 
sustain the weight, and two smaller lines fastened at each end to 
guide the limb free of wires, roofs, etc., as it is being lowered. Care 
should be taken to tie all knots properly and to use only strong, 
trustworthy rope; a slip or a break at the wrong time can be very 
costly. It is also wise not to have too many men working in the 
same tree, for if one is below or even to one side of another, he is 
working in constant danger. Always be sure that the crotch or limb 
above, which will support the bulk of the load, is strong enough for 
this purpose. 


TIME TO PRUNE 

The fact that pruning is still associated in the minds of many with 
topping has given rise t6 the idea that it should be done only when 
the tree is dormant. Many people refuse to have their trees worked 
on except during the winter months. It is true that a tree should 
not be radically topped when in full leaf, but dead wood can be 
removed any time and should be removed as soon as it is noticed. 
Similarly, live limbs can be removed any time, provided that they 
constitute a small per cent of the tree’s total body. Tree pruners 
work every day of the year. In fact, pruning when the tree is in full 
leaf makes it easier to distinguish the live wood from the dead. 

Studies show that pruning cuts made late in winter or early in 
the spring heal over more quickly than cuts made at other times, 
because they take advantage of the immediately following spring 
growth. However, rapidity of healing is not so important as the 
prevention of decay, and decay is prevented by proper \YOund 
dressing. Hence, theoretically, pruning may be done at any season 
of the year, and in practice it is so done. 
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Exceptions are made in die case of severe “bleeders,” such as 
maples, birches, walnuts, and yellowwood, which bleed profusely if 
pruned when dormant or in early spring. These should be pruned 
only when in full leaf. 

WOUND DRESSINGS 

Painting pruning cuts, long considered indispensable, is at present 
a debated question. The rule formerly recommended and still prac- 
ticed by most arborists is that all pruning cuts and other wounds 
over an inch in diameter shoidd be covered with a good tree dress- 
ing. Smaller cuts heal over so rapidly that they need not be painted; 
moreover, in a large tree painting them is impractical. 

However, theie are those who contend that painting does more 
harm than good — that it retards callus development and interferes 
with the exudation of protective natiual resins from cut surfaces. 

Not enough evidence has yet been gathered to make the issue 
perfectly clear. While it is certain that some trees have protective 
resins, such as the pines and most other conifers, some do not have 
them and hence need protection. Even tliough unpainted wounds 
may heal over more rapidly, it is probably more important to 
exclude decay organisms by the appheation of paint. 

The ideal tree paint should exclude decay organisms, be harmless 
to live tissue, promote healing, resist weathering, not interfere with 
natural exudations, ’ e e.isily applied, and reasonably inexpensive. 
Such a material has not yet been formulated. 

Of the many different substances used, asphaltum mixtures seem 
to be preferred at present. I'hey weather well, are easily applied, 
and are made antiseptic by the addition of a special ingredient. 
Their disadvantage is that they are often made too thick, causing 
escaping sap and gas to form water blisters which break and leave 
exposed wood areas; also when too tliick they seem to encourage 
decay rather than prevent it. They may be thinned with linseed oil. 

Pine tar, used by veterinarians in the treatment of fleish wounds, 
is an excellent tree paint too little used. Its strong, clear odor is an 
additional recommendation. 

Zinc oxide mixed in linseed oil has proved a fairly good paint. It 
retards decay and checking and is irmocuous to the cambium, but 
does not weather as well as it might. 
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Creosote or other paints containing (^eosote should not be used. 
While an excellent preserver of dead wood, creosote is toxic to live 
tissues; hence it will injure the cambium at the edges of woimds 
and retard the growth of callus tissue. It may be used sparingly for 
the treatment of dead heartwood in cavities. 

Tar preparations — ^not the same as asphalt — are not to be recom- 
mended because they form an impervious surface not allowing the 
escape of moisture in the wood; hence decay is stimulated, not 
checked. 

Bordeaux mixture (copper sulphate) mixed in linseed oil is one 
of the most widely sold tree paints. Its normal color is blue green, 
although sometimes it is blackened by the addition of lampblack. 
Since it contains a very active fungicide, it is one of the best for 
preventing decay. Its chief disadvantage is that it flakes away very 
rapidly, needing to be re-applied every six months or so. 

House paints (most of which contain oxides of lead) are not to 
be recommended because they injure the cambium unless previously 
protected with shellac. 

Orange shellac, a specific for treating the edges of wounds to 
prevent drying out of the cambium, may sometimes be used as a 
dressing, particularly for small wounds. Its main disadvantage is its 
lack of durability. 

Grafting waxes may > be used for small wounds, although they 
should be thinned with alcohol. 

Although paints are more easily and effectivf'ly applied when the 
pruning wounds are dry, in practice they are almost always applied 
soon after the cuts are made — the same day or at the most a few 
days later. Shellac, however, to be effective must be applied within 
fifteen minutes after tender tissues are exposed. 

OLD WOUNDS 

Large wounds, which heal over very slowly, should be periodically 
inspected and repainted. Where flaked or weathered, the old paint 
should be scraped off with a wire brush before applying the new. 
The ring of developing callus tissue should not be painted. 

Old wounds whi^ show enlarging cracks need special treatment, 
for these are open doors for wood-decaying fungi. Sometimes a 
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heavy coating of asphalt will seal over the cracks. (If the wound 
is cracked, it is also dry; hence, heavy, impervious coatings will do 
no harm ) Sometimes a piece of cloth painted with asphalt on both 
sides may be tacked over the surface. Sometimes a piece of tin 
cut to fit and painted on both sides may be tacked over the cut, 
taking care to tack it down very snugly around the edges and not 
to cover the developing callus tissue. Sometimes the whole area 
should be excavated to a depth of 2 or 3 inches and a concrete facing 
put in. ( See chapter on Cavity Repair. ) 

METHOD OF APPLYING PAINT 

Paint is usually carried in a tin can with a wire handle. Some 
tree workers tie the can to the short dangling end of their safety 
rope, carrying it about with them at all times and painting each cut 
as they make it. Others prefer to have the can sent up to them by 
the “rope elevator” whenever they are ready to use it. Others let it 
hang from the center of the tree on a rope, pulling it over to them 
by the pole saw as needed. 

The advantage of painting cuts as made is that it saves double 
climbing. The disadvantage of carrying the paint can is that paint 
gets on the worker’s hands and clothes, on the ropes, on the ladders, 
and on all the tools. 

Another method of applying the paint is by paint poles. These 
are long polos, 10 Ol 12 feet long, on the end of which is tied a 
paint brush. The brush may simply be wired on or may be fitted 
into a slot cut in the pole. B< st bnishcs are round ones with fairly 
stiff bristles and long handles. With the paint pole the worker can 
stand on the ground or on a step-ladder and reach most cuts on a 
small tree. He can also take it up in the tree to reach inaccessible 
cuts. By standing in tlie major forks of the tree, he can reach nearly 
all the cuts in the upper region, and by standing on the ground, he 
can reach the remaining ones. For very high cuts the pole can be 
fitted with an extension. 

Advantages of the paint pole are that it makes the painting 
mucl} more rapid and puts the paint on the pruning wounds rather 
than on the worker s clothes. 
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WIRE CLEARING 

Wire clearing poses a special problem in pruning. Wire clearing 
means the removal of limbs that are touching, or about to touch, 
or in danger of falling on, telephone or power lines. Formerly this 
work was done by the telephone companies’ and the light com- 
panies’ own crews. More and more, however, these companies are 
contracting the work to tree expert organizations, partly because 
these can do the work faster and more efficiently and partly because 
they treat the trees with more consideration, thus avoiding diffi- 
culties with property owners, who justly protest against the mutila- 
tion of their trees by unskilled hands. 

Thus the purposes of wire-clearing are two: ( 1 ) to keep the trees 
ofiF the wires and (2) to damage the trees as little as possible. The 
wire-clearer should not forget his twofold obligation: toward the 
company that employs him and toward the homeowner on whose 
property he is often not welcome. 

There are four types of wire-clearing: (1) topping, (2) side 
pruning, (3) drop-crotching, (4) directional pruning. 

Topping, as the name indicates, shears off thc\vhole top of a 
tree to prevent it from touching overhead wires. This treatment 
destroys the natural lines of a tree and consequently most of its 
beauty. Moreover, new/shoots grow back so rapidly that cutting has 
to be repeated frequently. It is the method most commonly prac- 
ticed by unskilled workers, particularly in small towns, where public 
opinion is less articulate in protest. 

Side-pruning means tlie removal of large and small side branches 
on whatever side the wires go through. Since it leaves a gaping 
hole in the tree and forces it to grow to one side, it is no more 
recommended than topping. 

Drop-crotching means the pruning back of large center branches 
to outward-pointing laterals, in an attempt to make a tree grow 
away from tlie wires. Although somewhat better than (1) and (2), 
its necessary cutting of large limbs opens up areas of possible 
decay. 

Directional pruning is the best method of all, from the standpoint 
of the tree; also the one which requires the least follow-up. It in- 
volves tlie judicious removal of small branches in order to open up 
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adequate but not excessively large paths for the wires through die 
trees; also the anticipation of future growth by the skillful pr imin g 
of neighboring branches away from Ae wires. It means the intelli- 
gent tailoring of the tree to the wires with benefit to the latter and 
no disfigurement to the former. Only an experienced tree worker 
is qualified to do this kind of pruning. 

LIMBS OVER ROOFS 

Special pruning problems are created by tlie proximity of trees 
to houses. Branches spread out and begin to rub against shingles; 
limbs break off in winds and knock holes in roofs; porches, wings, 
and entire houses are sometimes built around trees, with specially 
designed places in the roof for tlie accommodation of the trunk. One 
of the commonest activities of the tree expert is the removal of 
limbs in conflict with roofs and the removal of trees themselves from 
their roof apertures, when continuing growth has proved the im- 
practicality of such design. It is good for neither tree nor house to 
attempt to fit the two together. 

Special considerations need to be advanced in the cases where 
limbs overhang but the trunk is distant. Even though a tree may 
stand at a considerable distance from a house, its branches not in- 
frequently grow over the roof. When kept within proper limits, 
branches over a roof contribute shade and beauty. Their disad- 
vantages are that ♦'hey present a certain danger in the event of 
breakage, and secondly, that tliey keep the gutters well filled with 
leaves. At no time should the branches be allowed to rest upon or 
scrape the roof, since in this contact both elements suffer. Holes 
are many times worn in roofs by scraping branches; the branches 
themselves are sometimes worn half or two-thirds of the way 
through. To prevent the branch tips from scraping, it is usually 
necessary to trim them back 4, 5, or 6 feet, since they move back 
and forth through large arcs during high winds. 

Proper pnining over houses requires both knowledge and art in 
order to preserve the beauty of the tree and at the same time prevent 
damage to the roof. It does not mean the ugly barbarous stubbing 
off of major limbs at a point even with the roof edge. It means rather 
the proper flush-cutting of all smaller, downward-pointing branches 
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that are touching or are likely to touch, to encourage the tree to 
grow upward away from the roof. The second danger, that of 
projecting limbs falling, may be obviated by skillful cabling. 

limbs which are correctly trimmed and cabled eliminate harm 
to roofs, unless one objects to the minor issue of leaves in the 
gutters, but even this can be prevented by screening the gutters, 
which is not a bad idea in any case. Incontestably, roofs, inherently 
ugly in spite of the best efforts of modem architects, aie esthetically 
improved by the proximity of trees. Wide-spreading trees, such as 
certain of the oaks, can convert even the drabbest of roofs into a 
thing of interest. 


FRUIT TREES 

The pruning of fniit trees is in several respects different from 
the pruning of shade trees. Fruit trees are pruned primarily for 
the maximum production of fruit. Like the shade tree, they are also 
pruned for the removal of dead and diseased wood and are trained 
to a certain form, but these procedures are subservient to the mam 
end: the production of fmit. 

Since fmit trees arc, of course, considerably smaller than shade 
trees, much of their pmning can be done from the ground or from 
five-foot stepladders. \yith the right tools and a little practice, the 
home-owner can do much toward maintaining his own trees. 

In general, fmit trees are pmned to develop low heads and more 
or less open centers. The lowest limb should be IJ* or 2 feet above 
tlie ground. The next limb should appear 10 or 12 inches above this 
one and on the opposite side of the tnink, and the remaining main 
limbs should follow this staggered pattern. Weak double or triple 
crotches should be avoided by early training. Already existing 
weak crotches should be strengthened by braces. 

A strong scaffolding should lie the consistent aim in pmning. The 
development of lateral branches from main limbs should imitate 
tire development of main limbs from the tmnk. Weak, spindly 
branches and all overlapping and interwoven branches shoiild be 
cut off. From its earliest age the trees should be trained toward the 
desired form. “As the twig is bent, so grows the tree.” » 

On most fmit trees the center is kept fairly well open to allow 
light and air to reach all parts, thus preventing the development of 
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fungus diseases and preserving the fruiting ability of lower limbs. 
Heads are kept low to make pruning, spraying, and harvesting 
easier. 

Fruit spurs — short, wiiy shoots along the main limbs of apples 
and pears — should not be cut ofiF, as they may bear fruit for periods 
as long as ten years. However, longer, stricUy vegetative shoots 
growing in the same area should be cut off. 

For the production of fruit, not all trees are pruned alike. 
The apple is not pruned like the peach, nor the pear like tire 
plum. Moreover, pruning practices vary from region to region, 
according to the climate and the soil. If you have fruit trees, you 
will do best to consult your county agent and follow the pruning 
techniques recommended for your region. 

In general, peaches are prunt'd back severely all around the 
periphery when dormant; plums less so; cherries still less; pears 
and apples least of all. Ijong, rapidly growing vegetative branches 
are clipped off from time to time to divert growth energy into 
fruit production. Suckers or watersprouts are kept cut off for the 
same reason. Thinning of the small fruits is about as important as 
pnining: the sacrifice of some for the better development of others. 

Severe pruning should be done in the dormant season only, 
preferably in late winter. The removal of dead limbs or a minor 
number of live ones can be done any time. Cuts should be protected 
with antiseptic paint. 


TOOLS 

Good pruning demands good tools. The lack of adequate tools 
defeats the amateur quite as much as the lack of practice. Carpenter 
saws, with their narrow set and small teeth, are meant for dry 
boards, rather than green limbs. Even most so-called pmning saws 
sold in hardware stores are inadequate they have too much curve, 
and their teeth are improperly shaped and too small. 

The correct pruning saw has large teeth, 4 or 5 to the inch, 
deep gullets to carry out the sawdust, and a wide set, so that it 
will not stick in green cuts. It must be kept very sharp, and from 
time^to time the gullets need to be deepened, as the teeth wear 
down. 

There are two main types of pruning saws: those that cut on the 
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pull stroke and those that cut on the piish stroke. Among veteran 
tree workers heated arguments are sometimes held concerning the 
superiority of one type over the other. Actually, each type has its 
advantages to such a degree that both are indispensable. The pull 
saw has its teeth slanted backwards towards the operator and its 
blade slightly curved. It cuts on the pull stroke, the curved 
blade making it feed itself without need of much down pressure. 
The pull saw is essential for reaching far up or far out, where much 
more force can be exerted by pulling than by pushing. It is particu- 
larly useful for mounting on poles, thus greatly extending the 
operator’s reach. In fact, it is so much used on poles that it is 
called “pole saw” more than “pull saw.” 

The tree worker should have a variety of these saws, mounted 
on poles of different lengths: 4 feet, 6 feet, 8 feet, and 10 feet. 
In trees with dense centers the short-handled saws are the most 
maneuverable. In large, open trees even the ten-foot handles are 
too short. 

'The blades are easily mounted by sawing a slot in the exact 
center of one end of the pole, drilling two holes through pole 
and saw, and fastening with ^if,-mch stove bolts,. There is a 
certain angle at which the blade must be set for maximum cutting 
eflBdency. Handles should be sanded and shellacked. A piece of 
cord passed through a hole in the other end of die handle is 
useful for hanging tlie saw on twigs. 

The push saw is made with straight edge and teeth slanted away 
from the operator, like a carpenter’s saw. It is effective in all 
cases where tlie operator can get above the limb to be cut, thus 
putting his weight into the downstroke. 

In all conditions where it is easier to push than to pull, the push 
saw is obviously better. In all other cases the pull saw is to be 
preferred. Push saws are made in several lengths, the most useful 
being the short 20-inch, all-purpose saw and the 36-inch “bull 
saw,” designed for cutting large limbs. 

In addition to the saws, the tree worker needs a twig pruner. 
This is in essence a pair of cutting edges mounted on a pole and 
made to come together like shears by pulling on a cord. It is the 
tool made familiar to most of us by telephone and pow^ linemen, 
who use it to cut overhanging limbs back from wires. 
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The twig-pruner should be mounted on a 10- or 12-foot pole, ^^ch 
in turn may be fitted with a similar length extension when needed. 
It is a very useful tool for heading back long, flexible branches and 
for cutting branch tips back from roofs and wires. It can be used to 
a certain extent for cutting small branches inside the tree, although 
its construction does not permit it to make perfectly flush cuts. 
A IS-inch limb is about the largest that can be cut with a pruner. 
Since slender branch tips may be clipped off at any point without 
need of flush-cutting and since they are so movable that sawing 
them is nearly impossible, the pruner is the preferred tool for 
working at the tree’s periphery. 
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Cavity hepair is probably the most spectacular phase of tree 
work. The very fact that the whole science of tree care has come 
to be called “tree surgery” indicates that in common conception 
the chisel, gouge, and mallet have pre-empted the center of 
attention, and tlie part has given its name to the whole. 

In spite of die interest it has commanded, cavity repair is perhaps 
that part of tree care least frequently performed correctly. Each 
cavity presents a diflFerent problem, each one has a different shape 
and size, each one is located in a different place. Only a thorough 
knowledge of the tree’s structure and grow'th habits, implemented 
by practice under tutelage, will convert the apprentice into the 
expert. 

By learning something" about the theory and practice of cavity 
repair, the homeowner will find himself able to make many minor 
repairs, such as bark wounds and small cavities. Larger cavities, 
however, should be entrusted only to a trained arborist. But whether 
the owner does the work himself or watches it done, he will 
probably like to know the latest information on die subject. 
Certainly, an awareness of the problems involved vdll be of help 
to him during his consultation with the arborist. 

What is a cavity? A cavity is any hole, large or small, which 
occurs in the sapwood or heartwood or both. A perfect tree 
presents an unbroken bark surface continuous from roots to twigs. 
Whenever the bark is skinned, cut, bruised, or burned in such a 
manner that the wood proper is exposed, the affected area becomes 
at once die site of a potential cavity. Bark woimds are not them- 
selves cavities, but they often open the door to the development 
of cavities. In fact, were the bark surface to remain unbroken, no 
cavity could ever develop. 
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Wounds, then, are of two kinds: (1) bark wounds, involving the 
outer and inner bark, and (2) cavities, which involve decay of 
the sapwood or heartwood or both. In general cavities are more 
dangerous than bark wounds, since they originate in bark wounds 
and indicate deeper penetration of decay. However, a tree will 
die if its bark is knocked off or cut off in a continuous horizontal 
strip, even though it have no sapwood or heartwootl decay. Under no 
circumstances should bark wounds be considered unimportant, sinc^ 
they not only open infection into the heart of the tree but they 
imperil the most vital part of the whole tree, the cambium layer 
itself. 

The repair of bark wounds and cavities is facilitated by the 
fact that trees, like many otlicr living organisms, Imvc the power 
of regenerating lost parts. Wounds in trees heal much as do 
wounds in animals: by the formation of scar tis.sue. Tlie difference 
is that in trees the growth of new tissue is only from the edges 
of the wound (where tlve living cambium is present) toward the 
center, the woody heart being inactive. 

RErAIR OF BARK WOUNDS 

The treatment of a bark wound is relatively simple. The bark 
edges around tlie damaged area should be cut back into the 
form of an ellipse with its long axis parallel to the direction of 
sap flow, and the exposed sapwood should be painted over with 
antiseptic tree paint. Tliis jjrocedurc is often called tracing. 

When the wound is so shaped, the healing-over process is 
accelerated, for the reason that the sap can flow much more easily 
around an ellipse than around a square comer, just as air flows more 
readily around a modem stream-lined car than around the old- 
fashioned box type. The edges of the bark can be cut into the 
desired shape with mallet and chisel or with an extremely sharp 
knife. Freshly cut bark edges should be covered with a coating 
of orange shellac to prevent drying out. 

Painting of the exposed wood is necessary to prevent its decay 
before the bark manages to heal over. In large wounds the wood 
needs to be repainted every six months or every year, as the paint 
weathers off. Ordinary house paint is not a satisfactory dressing, 
nor are paints containing creosote or carbolineum, since these. 
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althou^ preservative of dead wood, are toxic to live tissue. Specially 
prepared tree paints are made with an asphalt base and contain 
antiseptic ingredients. 

An ordinary pruning cut is of course a bark wound and should 
be painted over. Small pruning cuts are usually not shaped, but 
large cuts (8 inches or more across) should be pointed at the upper 
and lower edges. 

PRINCIPLES AND PURPOSES OF CAVITY REPAIR 

Treatment of cavities is much more complex because (1) decay 
may spread upward, sideways, and downward for considerable 
distances; (2) most of it is not visible from the outside; (3) the 
work of cleaning out and repairing must often be done from a 
small opening of living tissue which is easily injured by careless 
blows of mallet or chisel. Every cavity is different; each one is 
a challenge to the ingenuity of the surgeon. 

Cavities originate from the exposure of the wood due to wounds, 
pruning cuts, broken-off limbs, insect ravages, fire, etc.; they enlarge 
as the exposed wood decays or is eaten by certain wood-boring in- 
sects. Wood decay, die principal agent in the aggravation and 
enlargement of cavities, is caused by various kinds of fungi, which 
grow best when supplied with abundant air and water. Exclusion 
of air and water means the retardation or complete stoppage of 
wood decay. Thus the chief purpose of cavity repair, although not 
the only purpose, is the prevention of decay by artifically rebuilding 
a protective surface at all points where decay has commenced. 

Other purposes of cavity repair are ( 1 ) to provide a firm surface 
over which the new roll of caUus tissue can grow and so to en- 
courage rapid closing of woimds, (2) to strengthen the tree by 
internal bracing of the cavity, (3) to eliminate breeding places 
for roaches, mosquitoes, ants, and vermin of all kinds, (4) to 
improve the tree’s appearance. 

Cavity repair includes both the “open-cavity” and “closed-cavity* 
procedures. Both procedures are scientific; both are commendable, 
and each has its legitimate use. These procedures are supplementary, 
not mutually exclusive, as adherents of one or the other method 
have sometimes alleged. At times the open-cavity treatment is 
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correct, at times the closed-cavity treatment, according to the 
nature of the problem. Not infrequently die methods may be com- 
bined in the same cavity; the lower half being treated as a “closed" 
cavity, the upper half as an "open” one. 

Specifically, open-cavity procedure differs from closed-cavity 
procedm-e in that the cavity is left open or unfilled in the first 
case, whereas in closed-cavity treatment the cavity is filled with 
some solid material, such as cement, wood bricks, rubber strips, or 
various asphalt-sawdust preparations. In all other respects, the two 
procedmes are exactly the same. The preparatory steps of cleaning 
out the cavity, bracing it, and pointing it, correspond point for 
point in both procedures. In open-cavity treatment only the final 
step, that of inserting the filler material, is omitted. 

The advisability of using solid fillers has long been in question, 
and the development of the open-cavity metliod has occurred as 
a reaction against the abuse of heavy materials, particularly concrete, 
which have sometimes proved unsatisfactory. In general, the 
cavity is best left open in the following cases: 

( 1 ) When the cavity is very shallow and the exposed wood still 
sound. 

( 2 ) When the cavity has nearly healed over so that filling would 
necessitate reopening it, in which case more harm than good 
might be done. 

(3) When the cavity is long and narrow and does not catch water. 

(4) When the cavity is situated at a joint or limb subject to 
frequent movement in such a manner that the filler would 
crack or pull away from the edges. 

(5) When the tree involved is in a declining condition and shows 
no promise of forming good callus layers. 

( 6 ) When the tree involved is of a short-lived or soft-wooded kind. 

(7) When the tree involved does not, for any reason, justify 
the expense. 

In all other cases cavities should be filled. Particularly, they 
should be filled when: 

( They are large and deep and in a valuable tree. 

(2) They are so located as to catch and hold water. 
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(3) They are in a crotch or at the ground line so &at further 
decay may mean destruction of all or part of the tree. 


TECHNIQUE OF CAVITY REPAIR 

Specifically, the repair of cavities involves the following steps: 

(1) removing dead and badly diseased wood as far as possible, 

(2) correctly shaping the cavity at bark level, (3) painting the 
wood surfaces and shellacking the exposed cambium, (4) provid- 
ing for drainage, (5) bracing the cavity, and (6) filling the cavity. 


Rkmovinc Dead and Badly Diseased Wood 

It used to be taught that all diseased wood should be removed; 
and acting on this doctrine many a conscientious tree surgeon 
chiseled away, tennite-like, at a tice’s interior until the tree top- 
pled over. It is now known to be impossible to n'movi' all diseased 
wood, for the mycelial threads of the decay-producing fungi run 
many feet fiom the center of decay in all directions, invading even 
apparently sound wood. Complete eradication is mechanically im- 
possible. Therefore, what should be done is to remove it only so 
far as practical. That means that the water-soaked and most badly 
diseased wood should be,caiefully cleaned away down to a reason- 
ably sound surface of firm wood. In many trees, p.irticularly in the 
oaks, layers of sound wood and layers of rotten wood may alternate 
through a space of a foot or more so that the attempt to remove the 
rotten wood means sacrificing the sound wood, the loss of which 
might well cause the tree to fall over. 

It may be questioned that if part of the diseased w'ood is left, will 
not decay continue after the cavity is sealed over? Nature has 
given the answer to this by providing us with many examples of 
cavities that have healed over by tliemselves Examination of these 
cavities reveals that once the surface has healed over, internal 
decay is greatly retarded or completely arrested, even though pockets 
of water and decay organisms are sealed up inside. 

The important thing, then, is to get out the worst of the decayed 
and punky wood and to establish an air-tight seal over theqrest. 
In the case of open cavities, where no water is caught, no seal 
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is attempted, the wood decaying very slowly or not at all because it 
is kept dry by exposure to the air. 

In excavating diseased and dead wood, the tools used are hatchets, 
wood chisels, gouges, wooden mallet, various kinds of scrapers 
and smoothers, and a long-handled scoop or spoon used for pulling 
out the debris from the bottom of tibe pockets. Some of the 
larger companies use gouges run by compressed air, making the 
work much faster and easier. 

All tools must be kept sharp, the difference between a sharp 
chisel and a dull one being as great as that between a sharp axe and 
a dull axe. Hatchets may be used to advantage where Ae cavity 
is large enough to permit. Near the edges of a wound, however, only 
chisel, gouge, and mallet should be used; and tlie greatest care 
should be exercised, for a chance blow of the mallet on the 
tender living tissues or a chance cut with the chisel or even an 
outward prying movement where the living edge serves as a 
fulcrum, will kill the tissue at that point and so cause new callus 
development to begin farther back. 


Correctly Shaping the Cavity at Bark Level 

This measure is as important as any of the others and should 
by no means be considered a secondary issue. 

Correct shaping, as for simple bark wounds, means bringing 
the upper and lower edges of the cavity to a point, so that the 
completed cavity, as seen from the outside, looks more or less 
like an oval or ellipse with its longitudinal axis parallel with the 
direction of the trunk or limb If the limb grows at an angle of 
45 degrees, the longitudinal axis of the cavity shcmld tilt at pre- 
cisely 45 degrees. If the limb grows straight outward at JK) degrees, 
the axis of the cavity should point to 90 degrees. If the limb curves 
upward or downward throughout its affected area, the cavity 
should follow it in its twistings. 

The reason for this peculiarity is that, for rapid healing, the lines 
of the cavity should enter the current of sap flow in as streamlined 
a fashion as possible. Since sap flows lengthwise up and down a 
limb •the lines of the cavity must accommodate themselves to this 
current, entering it gently, like a wedge, rather than intercepting 
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it abruptly, like a barrier. If the bottom and/or top of a cavity 
is left square or even broadly round, the flow of sap (in the sap- 
wood, cambium, and phloem) has great diflBculty in making its 
way around these blunt comers. If, on the other hand, the top 
and bottom are shaped to a wedge-like point, the sap flows around 
the wound with case. 

(These remarks apply to the ouside of the wound, at bark 
level, where the healing callus tissue is to form. The inside of a 
cavity may be left in any shape, square, rectangular, or round, 
although for the sake of convenience it is gencraUy cut to the 
same shape as the outside.) 


Painting the Wood Surfaces and 
S lUiLLACKING THE EXPOSED CaMBIUM 

Once the cavity is excavated down to reasonably fimi wood, these 
wood surfaces should be scraped and smoothed to the point where 
they will take a coat of paint. The paint should be applied liberally 
and allowed to dry before putting in the filler. It should have an 
asphalt base to make it waterproof and should coniain a fungicide 
to discourage further decay. Creosote is an excellent wood pre- 
server, although dangerous to use near living tissue to which it is 
toxic. 

All of the interior of the cavity that can be rt'ached with a 
brush should be painted; if it can be sprayed so much the better. 
Some arborists, not content with painting tlie wood, go so far as 
to tack roofing paper along the back and sides of the cavity to 
prevent the filler (usually concrete) from coming in cxintact with 
the wood. This helps to prevent further decay, since moisture often 
condenses on the inner face of a concrete filling. 

A further elaboration is to cut veins into the back of the cavity, 
complete with midrib and lateral veins, in such a manner that 
anv water accidentally entering will roll down the lateral veins 
into the midrib and down the midrib to tlie bottom of the cavity, 
from where it is conducted through a drain pipe to be discharged 
outside the tree. 

How far to go in the way of these refinements depends on the 
value of tlie tree and the disposition of the owner. Obviously, the 
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more care that is taken, the better protected the tree. Howeva-, 
in most cases, particularly in small cavities and in only moderately 
valuable trees, painting of the wood is precaution enough. Indeed, 
many workers fill witliout painting at all, relying on the tightness 
of the seal to arrest decay. 

In case of the open cavity, use of antiseptic paint is doubly 
important. Such cavities have the advantage of being op'n to 
inspection at all times and being accessible for periodic repainting. 

A supplement of painting is shellacking. Orange shellac, which 
may be purchased in any hardware or paint store, should be applied 
to all newly cut surfat'es of bark and cambium. These tissues, which 
are usually cut into in tlie enlargement or final shaping of the 
cavity, are extremely tender, drying out and dying hack for a 
distance of Jz to 1 inch from the edges of the cut. If, however, 
they are covered witli shellac within five minutes or so after being 
exposed, they generally will not die back; hence new growth can 
start from that point instead of further back. Since it is desired 
tliat new callus tissue cover the edges of tlie cavity as soon as 
possible, obviously it is better for the cambium not to be allowed 
to die back. 


Providing for Drain.\ge 

Since it is important that water should not stand in a cavity, 
a hole is bored at the bottom of the pocket, and a short length of 
copper drain pipe is Ii 'stalled. Such a hole serves to drain out any 
water present at the time of excavation and also to drain out any 
moisture entering subsequently. 

To find the exact bottom of a cavity is sometimes difficult, for 
pockets of decay run sideways and diagonally at various angles. 
Probing instruments in the form of long, slender rods are run 
down the mouth of the cavity to attempt to locate the bottom. 
These measurements are tlicn transferred to the outside, and a hole 
is bored toward the cavity at the estimated level. Sometimes 
several holes need to be bored, each one a little farther down, 
before the bottom of the pocket can be located. When the bit 
brings out only sound wood, one may be sure that the cavity 
has ended and that the next hole above is the true bottom. 
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Many times it is helpful to flush out a cavity with a gaiden hose 
with a high-pressure nozzle. The quantity of muck that can thus 
be flushed out of the drainage holes is astonishing. During the 
flushing operation the hole (or holes) should be reopened from 
time to time with the bit or with the probe to prevent clogging up. 

The drain pipe should be slightly larger dian the hole so that 
it may be driven in tightly. It needs to enter the sapwood only 
a short distance, an inch or an inch and a half, since the hole will 
never close together on the inside. The hole should enter the tree 
slanting slightly upward, so that the drain pipe may slant down- 
ward. The pipe should protrude from the tree 5 or 6 inches so 
that its drip will not run down the bark, discoloring and often 
injuring it. Protruding drain pipes close to the ground may be 
dangerous for children playing nearby. In this case they should be 
shortened or covered in some way. 

Copper is considered the best material, although sections of 
ordinary iron water pipes are often used as well. 

In case a cavity has several diverging pockets, a drain pipe 
should be installed at Hie bottom of each 


Bracing the Cavity 

Small cavities in soupd wood need no bracing. Even large 
cavities, if surrounded by four or five inches of strong, healthy 
sapwood, rarely need bracing. But in many cavities decay has 
progressed so far that the surrounding shell of sapwood often 
measures less than four inches; sometimes only two mches or 
less, indeed at some points decay bursts quite through the shell 
so that the cavity comes to have two, three, or more mouths. 

In such cases some kind of internal bracing is indispensable for 
tw'o reasons: ( 1 ) to help keep the tree from breaking at that point, 
and (2) to prevent the walls of the cavity from pulling away 
from the filling. If, of course, decay has eaten too far into a tree, 
particularly into the trunk, the tree might better be cut down. 
But if there seems to be a reasonably sound shell left, then bracing, 
filling, and fertilizing will do much toward saving the tree. 

It is impossible to define exactly the conditions under which 
a cavity should be braced. Much depends on the kind of tree, the 
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shape and size of the cavity, and the location of the cavity. Some 
trees (such as oak) are much stronger than others (such as box 
elder). A three-inch shell in an oak might be strong enough to 
make bracing unnecessary, even though the whole heart were 
gone; while a five-inch shell in a box elder would hardly warrant 
confidence, braced or unbraced. Again, a long, narrow cavity 
seldom needs bracing, being naturally strong and healing over 
very rapidly, while a wide, deep cavity ahnost always should be 
braced because of its tendency to open up farther and its slow- 
ness to heal. A cavity in a major crotch, even though only medium- 
sized, should definitely be braced because of the great strain to 
which the crotch is continually subject. Moreover, supplementary 
braces in the form of cables (see chapter on Cabling) should be 
installed at a point above the crotch. 

Internal cavit)' bracing may be done in several ways: 

(1) If tlic surrounding sapwood is .‘Strong enough and thick 
enough, lag screw hooks may be installed, connectc'd with short 
lengths of galvanized cabh', and drawn tight with a tumbuckle. 
Only in a large cavity will there be space enough to effect such an 
installation. 

(2) If the sapwood shell is too thin to permit the use of lag 
screw hooks, or it the cavity is not large enough to allow working 
inside it, a hole may be bored from the outside entirely through 
the tree, and bolt and nut installed. Both the head-end and the 
nut-end of the bolt should be fitted with oval-shaped washers, and 
these should be count *rsunk below the bark surface so that scar 
tissue may cover them. By adjusting the nut the walls of the 
cavity can be prevented from buckling outward. 

(3) Instead of bolt and nut, the threaded rod may lie used. 
This is an untapered rod threaded along its entire length. It is 
screwed in one side of the tree until it begins to emerge from the 
other; the protruding end is then cut off. The rod does not need to 
be countersunk or measured ahead ot time. Its disadvantage is that, 
while holding tight enough, it does not draw up. 

Whichever t^e of brace is used, the principles involved are 
the same. Short cavities may demand one brace; long cavities two 
or more. Braces are installed transversely (but not necessarily in 
the same plane), sometimes diagonally, rarely longitudinally. 
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Filling the Cavity 

If the cavity has been properly excavated and shaped, its filling 
is not so difficult as it might seem. The cavity should be, and 
usually is, larger on the inside than on the outside. In such cases, 
the filling will obviously stay put. On this same principle a 
dentist drills away at a tooth: to make the inner pocket larger than 
the surface opening. Where the mouth of the cavity is larger than 
the interior, the latter should be studded with large-headed shingle 
tacks, to help hold the filling in place. 

The essentials of installing a filling are these: 

(1) To put the filling in tightly in such a way that it will not 
fall out or be forced out by subsequent growth of the tree. 

(2) To make a perfectly airtight and watertight seal at all 
points. 

(3) To bring the face of the filling out (radially) to a point 
flush, or nearly flush with, the cambium layer in the edge 
of the surrounding wood shell. If the filling is carried 
outward past this point — flush with the outermost bark 
surface, for example, as is common in amateur "bperations — 
more hann than good is done, for the all-important cambium 
layer is then plastered over :ind kept from growing. 

(4) To carry the edgqs of the filling (laterally) to a point 
within )» of an inch of the live cambium in the surrounding 
shell. If greater distance is left between the edge of the 
filler and the edge of the cambium, tlie interv'ening sapwood, 
even though sound at the time of filling, will often decay 
or develop cracks that allow air and water to enter behind 
the filling. 

Sometimes in a large wound, particularly a large pruning scar, 
only the center is decayed, the enveloping sapwood being sound 
and hard. In such cases the natural tendency is to excavate only 
the decayed center and to put the filling in this area. Such a 
procedure is of little value, however, for almost always the sapwood 
between the edge of the filler and the margin of live tissue decays 
before this latter can grow over it. The wider the area of sapwo^ 
left the longer it takes the callus tissue to cover it and the greater 
its probabilities of decaying. 
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Hence there is need to remove even sound tissue (at face of 
cavity, for at least a depth of IJi inches) in order that the edge of 
the filler may be brought into proximity with the edge of the live 
cambium. When only JS or of an inch separates the cambium from 
the filler the former is sure to grow over the edge of the latter 
during the first season. This is precisely the tiling desired: once the 
new callus tissue has managed to grow over the edge of the filler 
all around its periphery, even though ever so little, an air-tight 
seal is secured, and the success of the cavity is assured. Thereafter 
it does not matter whether the scar tissue delays two years, 
three, five, ten, or fifty, in growing entirely togetlier over the 
filling. It may grow as slowly as it likes, for tlie tree now presents 
one unbroken surface to the environment througli which neither 
insects, fungi, air, nor water, can pass. 

What is the best kind of filler? This is a question not yet answered. 
Almost every conceivable kind of material has been used: wooden 
blocks, rubber strips, asphalt and .sawdust preparations, magnesite 
compounds, concrete, etc. A very early treatise on the subject (in 
the time of George III of England) recommends a mixtuie of lime, 
rubbish, sand, wood ashes, and cow manure. In the pioneer days 
of tree surgery in our country, .sheets of tin or zinc were nailed 
over cavities. Even plaster of paris has been used, molded around 
wire mesh. Temporary coverings include sections of roofing paper, 
sheets of cardboard, wooden slats, split-open oil cans, and old mail- 
order catalogues. 

The perfect filler should be quickly and easily installable, light 
in weight, strong and durable, semiflexible, resistant to insect 
invasions, waterproof and unaflccled by heat and cold. Such a 
material has not yet been discovered, although some of the 
magnesium or magnesite compounds approximate the ideal very 
closely. 

At the present time, despite its disadvantages, concrete continues 
to be the most widely used filler of all. Its advantages are these: 
(1) it can be manufactured at any given place and in any desired 
quantity; (2) its mixing requires no particular skill, no heating, no 
waiting to cool; (3) it is inexpensive; (4) when mixed as dry as 
possible, it can be pressed and patted into every kind of comer 
without falling or slumping; (5) it hardens quickly into the desired 
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{arm; (6) it is pennanent; (7) when properly smoothed and 
painted, it is highly presentable. 

Its disadvantages are these: ( 1) it is inflexible, not accommodating 
itself to movements of the surrounding shell, hence violent movement 
of a filled limb (or trunk) may crack the concrete or break the 
limb (or trunk) at that point; (2) it is heavy, adding undesirable 
weight to a weakened part; (3) it expands and contracts at a 
different rate from that of the surrounding wood; hence cracks 
tend to open up at the region where the two substances join; 
(4) it is cold, so that moisture often d?ndenses on its inner face. 

Judged by popularity of use, the advantages of concrete continue 
to outweigh its disadvantages, most of which can be overcome by 
judicious supplementary measures. It is best used in small cavities 
or in cavities near the ground, where there is little or no movement. 
Cavities of any size high up in a tree where swaying of limbs or 
trunk is expected should be strongly braced internally to prevent 
the edge of the wood from pulling away from the concrete. 

Since this i.s the material most widely used, the following method 
of application rotors specifically to it. 

Two parts of sand are mixed dry with one part of cement in 
the quantity desired. When thoroughly mixed, water is added a 
little at a time while the mixing is continued. (For small quantities 
a mortar board and a mason’s trowel arc sufficient. Larger quantities 
may be mixed in a whceltarrow with a hoe.) When the mixture 
reaches the point where a ball of it kneaded with the hands will 
just hold together, it is ready for use. In this condition the mixture 
is considered "dry.” The error of the beginner is to make the mixture 
too wet, in which condition it will run out of all cavities (except 
those with their mouths uppermost) as fast as put in. But when 
“dry," it can be molded with the hands, like putty or plastic wood, 
and made to fit into all comers and follow all curves. 

As the mixture is placed in the cavity (with trowel, scoop, or 
hands ), it should be pressed into the comers and tamped thoroughly, 
particularly around the edges. In cavities more than 8-10 inches 
long or wide, the mixture should be arranged in the form of 
bricks. This is accomplished by inserting strips of heavy roofing 
paper at intervals of 4 or 5 inches perpendicular to the face of die 
cavity, both horizontally and vertically so as to produce the effect 
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bridb joined by mortar. The strips should be placed with dieir 
outer edge slightly lower than their inner edge in such a manner 
diat water will not enter through these joints. The strips ((^en 
called “section dividers”) may be put in place as the filling is 
built up, or may be put in after all the filling has been completed, 
by scoring its face with the point of the trowel to the desired 
depdi. The purpose of the section dividers is to provide expansion 
joints and a certain amount of play so that the concrete will not 
crack with changes in temperature and with movement. In addition, 
the brick design is more attractive than a solid concrete slab. 

After the concrete is thoroughly tamped and pressed in and 
the section dividers are m place, the face of the filling is smoothed by 
use of a small trowel or a so-called “cavity slick.” This last is a 
specially designed, miniature trowel, flat and pointed on one end 
and rounded like a spoon on the other — a very handy tool for 
smoothing and pressing the largest or the smallest filling. However 
dry the mixture may seem to be, moisture will ooze out of it 
when polished with the cavity slick, and a smooth, sUck finish 
will be obtained. 

When the concrete is mixed as described, it may be put into 
nearly all cavities, whether they face upward, sideways, or down- 
ward, without the use of forms. In the case of very wide cavities 
facing directly downward, however, some difficulty may be ex- 
perienced. On such occasions, boards may have to be tacked or 
tied temporarily over the cavity to hold the filling in place. Another 
solution is to use a pK'ce of heavy screen wire or wire mesh, 
the edges of which may be placed within tlie cavity, while the 
mixture is inserted through the ends or through an opening cut 
for the purpose. After the concrete hardens, the wire may be left 
in place and covered up by an additional thin layer of cement, 
although in such cases the use of section dividers is eliminated. 

Small cavities may be filled solidly. Larger cavities, particularly 
deep ones, need not be so filled; indeed a great heavy mass of 
concrete only adds unnecessary weight and comes into contact with 
the wood at unnecessary points, (contrary to general belief, con- 
crete in a tree does not make it stronger; it may in fact make it 
weaker by providing a fulcrum on which the tree may break apart. 

In of a deep cavity, let us say one of more than six inches’ 
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Plate 7. WINTER BUDS AND SPRING GROWTH. Above: Pussy willow, 
with a single, smooth covering scale; jujube, with rough bud coats, and post oak, 
with imbricated scales. Below: Silver-leaf poplar, with miniature leaves and 
flowers together in the buds, and box-elder with leaves issuing from terminal buds, 
flower clusters from lateral. 





Plate 8. Men working in a tree. Supported by ropes, they can go to the very 
ends of the branches. Even without ropes (as in this picture) a skilled climber 
can do the same, although he is flirting with danger. 







Plate 10. CARE OF TREE WOUNDS. Above: Two old pruniiig cuts in need 
of lacing (s(*c page 59). In so large a wound, decav spreads faster than the new 
callus unless it is checked. Wounds with pointed bases heal more rapidlv, as at 
right. Bchnc A properly made pruning cut in the process of healing. The grayish 
area is new callus tissue. The daik center is exposed sapwood, protected by sys- 
tematic painting. 
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better to remove it and plant a young, thrifty tree instead of 
spending money on expensive cavity repair. 

On the other hand, small cavities even on old trees are profitably 
repaired, particularly if the tree is otherwise in good health. 
Very large cavities may be repaired if the tree is (1) valuable 
intrinsically, historically, or sentimentally; (2) vigorous enough to 
be able to callus over the filling, at least in part; (3) in no danger of 
falling over or breaking off at the point of decay. 

The most important thing you can dp is to prevent the develop- 
ment of cavities by proper pruning and to prevent the enlargement 
of existing small cavities by their prompt repair. 

Do not attempt to repair the cavities yoiuself, except the smallest 
and most easily accessible. Do not deal with itinerant door-knockers, 
who are here today and gone tomorrow. Deal only with a reputable 
arborist and get his written declaration of what he proposes to do, 
the approximate cost of doing it, and the dates on which he will 
return to make inspection. 

Because they are comparatively short-lived or weak-wooded, the 
following trees should not be subjected to extensive cavity filling: 


Black Locust 
Boxwood 
Chinaberry 
Crape Myrtle 
Dogwoods 
Lombardy Poplar 
Magnolias 
Mountain Ash 


Ornamental Cherries 

Panicled Goldcnrain Tree 

Paper Mulberry 

Peaches 

Plums 

Redbud 

White Birches 

Yellowwood 


Cavity filling should be undertaken on the following trees only 
if they are in exceptional health otherwise: 


Apples 
Black Oaks 
Box Elder 
Catalpa 
Chinese Elm 


Poplars 

Royal Paulownia 
Silver Maple 
Tree of Heaven 
Willows 
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AND BRACING 


Quite commonly occasions arise where a tree needs some kind of 
mechanical support. This may be (1) for the trunk itself, when it is 
threatening to fall over, or rubbing against a house, or growing in 
some undesirable direction; or it may be (2) for a split crotch, either 
down the central axis of the tree trunk or higher up among the 
branches, or it may be (3) to hold up a limb hanging down too 
low, or rubbing on a roof or a wire, or in danger of breaking. Spe- 
cial types of braces have been developed for all these cases and for 
all variants of them. As simple as it may seem, bracing actually 
calls for a certain amount of engineering skill plus a knowledge of 
the structure and gi owing habits of trees. Although many braces 
arc mechanically corre'*", they prove harmful because installed 
without regard to the tree’s futme growth. 

In small and medium-sized trees the homeowner will have no 
diflSculty installing braces and cables, once he has grasped the prin- 
ciple. In larger trees, however, where the climbing becomes too 
difficult, or where special equipment is needed, he will do better 
to call for a professional worker. In any case, he pxobably will find 
an account of the details of installation helpful and interesting. 

Braces are divided into two general types; flexible and inflexible. 
Flexible braces are cables (formerly chains) which become rigid 
only when pull is being exerted upon them and hence allow a cer- 
tain amount of freedom of movement to the parts which they sup- 
port. Inflexible braces are screw rods or bolts and nuts, whose 
purpose is to bind together firmly and permanently certain parts 
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where no movement is desirable. There is one more type, the ver- 
tical rigid brace, in the form of a wooden, concrete, or metal post, 
but this is used only as a last resort where bracing from above is 
not practicable. 


FLEXIBLE BRACES 

Flexible cable bracing has many uses: (1) To raise a low-hanging 
or sagging limb (2) To support from above any limb potentially 
dangerous (3) To support in a semi-rigid condition any limb that 
is in a position to sweep back and forth across a roof or to beat 
against a chimney, or to harm any other object (4) To secure all 
major limbs in valuable trees so as to prevent breakage during 
high winds or ice storms. 

Cabling is strictly a preventive measure, of the kind whose 
ounces are worth many pounds of cure, A tree whose limbs are 
properly cabled together will withstand without loss of a limb 
the storms which leave its fellows broken and deformed. Relatively 
inexpensive, cabling is the wisest expenditure the homeowner can 
make on his trees. By comparison with the amount of pruning, 
tracing, and cavity work necessary to repair a storm-damaged tree, 
cabling is a very slight operation indeed. Prevention is always 
slight, just as repair is always costly. Cabling is something done 
before the storm strikes; pruning (in this sense) is something 
done after the storm passes. 

Tlicrc are a number of factors to be considered in the installation 
of cables. One is the method of attachment of the cable to the 
limb; another the optimum point on the limb at which attachment 
should be made; another the manner of tightening or loosening the 
cable, another, the kind of material to be used. Let us discuss these 
in order. 

Cables should never be wrapped around limbs (or trunk), for 
as the tree grows in girth, it will inevitably push against the 
encircling cable and force it to cut into the bark, always injuring, 
sometimes killing, the tree. The use of rubber hoses, wooden slats, 
and other material inserted between cable and tree for the purpose 
of serving as shock absorbers (or better, pressure absorbers) only 
postpones the cutting action but does not eliminate it. 
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The only correct way to attach cables is by drilling a hole in the 
tree and inserting a lag screw hook, to which the cable is easily 
spliced or clamped. The size of the screw hook is in direct relation 
to the size of the limb in question; a very large hook would 
obviously be out of place in a very small limb, which it would 
split and weaken. When properly sized, the hook does no harm to 
the tree, touching it at one point only, like a nail. 

Holes are predrillcd, on the same principle that obtains in the use 
of screws in furniture. The hole should be slightly smaller than the 
hook, so that Uic latter may be screwed in Prmly. If the hole is too 
large, the hook will be loose and insecure; if too small, the greatest 
difficulty will be found in inserting the hook, which will twist 
in two rather tlian enter too small a hole. Much depends on the 
kind of tree: in very soft woods, as box elder, willow, chiaaberry, the 
hole may be and should be smaller than in hard woods, as oak, 
elm, or bickoiy. The whole point, of course, is to secure a firm 
fit between hook and tree. Tlie hook does not pass entirely through 
the limb. Hall or two-tliirds of the limb’s diameter is ordinarily suf- 
ficient, and the hole should be drilled no deeper than the hook’s 
estimated reach. When the hook is ready to be inserted into the 
hole, it should be coated with tree paint along its shank to prevent 
possible entrance of fungi or insects. 

Many people distiaist the holding power of a lag screw hook; but 
if properly installed, it will never pull out. In fact, each year 
that passes adds to its 'rength, as the tree begins to form layers 
of new wood around it and gradually engulfs it. However, in cases 
where some extra heavy stress i' foreseen or where a very weak- 
wooded tree is concerned, the eye-bolt may be substituted for the 
screw hook. The eye- bolt has the advantage of being secured on the 
other side by a nut, but it has the disadvantage of creating a hole 
entirely through the limb and hence weakening it a little. If the 
eye-bolt is used, the nut should be seated against an oval-shaped 
washer and countersunk beneath the bark level so as to allow 
callus tissue to form over the bole. 

Whether lag screw or eye bolt is used, the principles involved 
are the same. The points to be observed are ( 1 ) that the fastener 
(screw or bolt) enter firmly in good, sound wood (2) that it be 
proportioned to the size of the limb concerned (3) that, while 
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several cables may be attached to the same limb, the fasteners 
be placed a foot or so distant from each other, never directly 
opposite or contiguous (4) that the fastener be so placed that its 
length will be parallel with the direction of pull. So placed, the 
fastener will seem to be a continuation of the cable itself and will 
withstand the maximum pull, whereas if the fastener is placed 
where the pull is sideways to it, it may more easily bend or break. 

Some lag screw hooks come with a small hole drilled in them 
at a point near the top of the hook. This hole is intended for the 
accommodation of a nail, which is passed through it and driven 
into the tree, after the cable has been spliced around the hook, 
thus preventing the looped end of the cable from jumping out of 
the hook in the case of sudden slackness along the cable. The nail 
thus serves as a safety lock, exactly like a cotter key through the 
drilled end of a bolt. 

In case undrilled screw hooks are used, another way to lock the 
cable in securely is by simply screwing the hook down to the point 
where its open end touches the tree. In cases where the loop 
and splice are made on the spot witli the hook already jp place, no 
diflBculties will be encountered. In places where it is more convenient 
to make the loop and splice on the ground, the hook may be 
screwed down to within a quarter turn or so of its final position 
(so that it remains open) find left so until the loop is ready; the 
loop may then be slipped over the hook and the latter given its 
last quarter of a turn to bring it against the tree and close the 
cable’s channel of escape. 

The proper point along the limbs to install the cable depends 
on various factors, such as the objective desired, the kind of tree, 
the shape of the tree, and the form and .situation of the individual 
limbs involved. In general, limbs are cabled together on the 
principle of opposing forces. If one limb goes to the right and the 
other to the left, a cable cormecting them will support both. If 
the cable is placed too far down on the limbs, the upper portions 
will possibly retain enough play to cause them to snap oflf precisely 
at the point where they are cabled. If the cable is placed too high, 
insufficient play will be allowed, and the lower, heavier parts of 
the limbs will remain practically unsupported. The optimum point 
is approximately half or two-thirds of the way along the limbs’ 
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length counting from the bottom up. This may be taken as a 
safe approximation, although only practice will enable one to judge 
skillfully. 

In selecting the point, it should not be forgotten that the tree 
will continue to grow at the tips, so that a limb which extends only 
10 feet above the cable today may extend 20 feet above it in 
10 years. Cables installed on young trees are rapidly outgrown 
and need to be relocated from time to time. When a cable is to be 
moved, it should be unspliced or cut loose from its fastener; the 
fastener itself should never be unscrewed or dug out, since in 
nearly aU cases the tree will have grown around it to the extent 
that removal will create an unnecessary wound. 

After one end of the cable is fitted over the screw hook, the 
cable is stretched across to the location of the other hook, measured, 
and cut off with a liberal allowance for making the second sphce. 
If the measure is exact, as it should be, certain difficulties will be 
encountered in passing the second loop over the second hook, for 
if it passes over it too easily, this means that the cable will be 
slack. Extreme slackness in a cable is undesirable, since it looks 
bad, and the cable does not function until great strain has separated 
the cabled members. Extreme tautness of cable is also undesirable 
because it does not permit any play between limbs and because 
a cable under strain at all times soon loses its elasticity and may 
be more easily broken in times of stress. A cable properly installed 
is left very slightly slack,' ready to catch and hold during emergency 
but not in a state of constant tension. 

There are several methods of fitting the cable so that the desired 
tension will be obtained. One i^. by drawing the limbs together 
with a rope (using block and tackle, or pulling with a truck) until 
the second loop may be passed over its hook. When the rope is 
released, the limbs will return to their normal positions, and the 
cable will tighten up. With a little practice, one has no difficulty 
estimating the amount of tension desired. 

Another method, better in some cases, is to insert a tumbuckle 
between cable and hook. The tumbuckle is opened to its widest, 
the other adjustments are made as close as possible, and the 

^Except where a limb needs to be lifted and continuotLsly held out of its 
nonnal position; m such cases the cable obviously must be taut. 
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turnbuckle is then screwed down until the desired tension is 
reached. One disadvantage of tumbuckles is that they are not 
nearly so strong as they appear, according to their size, and that 
they are unsafe, therefore, in situations where heavy limbs are 
involved. In the writer s experience some have opened at the eyes, 
and others have cracked along the shaft. Small tumbuckles are 
acceptable for small limbs, but one strong enough for a really 
heavy limb would be so large as to be unsightly. For most purposes, 
the turnbuckle may be omitted. Installation is faster and more 
economical without it, and the connection safer. One argument 
in the tumbuckle’s favor is that it makes possible an adjustment 
of tension as the future growth of the tree may demand. The 
same result may be obtained by leaving two feet or so of extra 
length at one end of the cable, and securing that end with two 
cable clamps in place of the splice. At any given time the clamps 
may easily be loosened and the cable tightened or slackened. 

An ingenious method of tightening the cable with only a pair 
of pliers was invented by John Paul Diaz. The cable is fastened 
permanently at one end, then pulled by hand as tight gs possible 
through the hook on the other limb and formed into a loop. The 
cable is removed from the hook, and another loop formed in it 
about two inches back (toward the fastened end) from the first 
loop, which is then straightened out. A thimble- is slipped over 
the hook, the free end of the cable is passed through the hook and 
over the thimble and is then pulled suddenly and strongly so that 
the loop (now become a half -loop or bend) will come into the 
desired pasition around the hook. Where pulling by hand is not 
sufficient to accomplish this, the thimble and the cable lying in 
it are grabbed by the side-nosed pliers and forced by leverage 
against the hook itself into the correct position, where they are 
held with one hand until the other hand can begin the splicing 
operation. Although this explanation seems complicated, particularly 
to one not familiar with the materials involved, the procedure 
is really quite simple, and once performed cannot be forgotten. 
By this means, without block-and-tackle, coffin hoist, turnbuckle, or 
any other cumbersome and time-consuming devices, any cable, 

* An ovoid piece of metal made with a shallow channel on the outer side 
into which the cable fits. 
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even a very long one, can be fitted as tightly and snugly as desired. 

It is almost unnecessary to say that only the best materials 
should be used in cabling. Where the protection of the tree itself 
and of property and persons underneath are all involved, it would 
be as unforgivable to use inferior materials as it would be to make 
a careless installation. The fasteners (lag screw hooks or eye-bolts) 
should be strong, galvanized stock, of a size proportioned to the 
limb to which they are to be attached and to the amount of strain 
likely to be placed on tiiem. They should be obtained from 
regular tree-supply manufacturers, (See chapter on Tools and 
Equipment.) Ordinary screw hooks, porch-swing hooks, and other 
standard hardware items are not adequate as cable fasteners, 
for they are too short, and their hooks are not shaped right. 

A screw hook intended specifically for tree use has an extra 
long shank, threaded along its whole length, and a very strong, 
flattened hook. The shanks of all hooks, bolts, or other fasteners 
should be dipped in tree paint before being screwed into place. 
This helps prevent infection at the point of the artificial wound. 

The cable itself is also a special kind, strong, flexible, and 
galvanized. The cable used by telephone and power companies, 
while strong enough, is too stiff to permit splicing and easy handling. 
Similarly, ungalvanized wire rope should never be used because 
it is too springy and because it rusts. Homemade cables, consisting 
of strands of wire twisted together with a stick, are seldom strong 
enough. Chains are toe ponderous, too unsightly, and too ex- 
pensive. Regular tree cable is a special product, of five or seven 
strands, obtainable in nearly any thickness, and suited exactly 
to the job. 

At the point where the cable is looped over the hook it is 
advisable to use a thimble. The purpose of the thimble is to 
insure a gradual, rather than an acute, bending of the cable. Just 
as one may more safely double a water pipe by bending it over 
a barrel instead of bending it sharply at one point, so the cable 
should not be bent sharply around Ae hook. Bending die cable 
around the thimble by splicing it back up on itself also makes 
possible an open loop, which may easily be slipped on and off the 
hook. All thimbles should be galvanized and of a size proportional to 
the hook and cable used. 
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For easy and correct installation of cables the following tools 
are needed: (1) brace and bit for making the holes, (2) wrench 
or other tool for screwing in the hooks, (3) small bolt-cutter for 
cutting the cable, (4) pliers for tightening down the splice. 

The bits should be of diflFerent sizes according to the different 
caliber hooks used, remembering that the bit should always be 
one-sixteenth inch less than the hook. Bits must be very sharp, 
because green wood is harder to cut than dry pine, and holes must 
frequently be made at awkward angles where very little pressure 
on the brace can be exerted. Almost indispensable for drilling the 
holes is a safety belt, which allows the worker to use both hands 
and push more strongly against the brace. The bolt cutter is a 
very handy tool, for although the cable may be cut strand by 
strand with pliers, this method becomes very tiresome when several 
cables are installed at one time, whereas the bolt cutter with one 
snip does the job. 


INFLEXIBLE BRACES 

Inflexible bracing in several respects is simpler than cable bracing. 
In the first place, it is usually done lower down on the tree, on 
the trunk itself or very near the trunk, where working conditions are 
easier. In the second plade, it requires somewhat less skill in 
estimating the location of the support than for cables. Thirdly, the 
problems of installation are less difficult, provided that proper tools 
are at hand. 

Inflexible bracing is aimed at binding firmly together two parts 
where no further movement is desired. Its chief use is in weak or 
split crotches, ordinarily in the trunk itself, sometimes in the fork 
made by two major hmbs. This type of bracing may be preventive 
or curative. It is preventive when the weakness of certain crotches 
is anticipated, and braces are accordingly installed. It is curative 
when already split trees are forced back together and bolted into 
position. 

Many trees, the elms particularly, grow with constitutionally 
weak crotches, the so-called “V-crotch” as contrasted with the 
more sturdy “U-crotch” of the oaks and others. Such a crotch, shaped 
like die letter “V”, is likely to split open at times of unusual stress. 
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such as ice storms, high winds, or mechanical strain of any land. 
Braces through the crotch or at a short distance above it will 
eliminate this danger. 

When a tree is split down the center, repair work becomes 
urgent At such times hovu’s may mean the difference between saving 
and losing the tree. Splits occur suddenly or gradually, according 
to the kind of tree and the amount of stress imposed. Some splits 
develop over a period of years, advancing an inch or so each year, 
until the damaged trunk can no longer support the weight of the 
increasingly heavy top. Other trees split apart suddenly, without 
warning. In almost every case the tree can be repaired if the two 
halves are still together at some point along their length and if 
repair measures are promptly taken. After ice storms it is not 
uncommon to find trees split down their center to the very ground, 
the two halves lying prostrate in opposite directions. In all such 
cases the procedure is always the same: to draw together the parts 
with ropes or chains; to bind them in position firmly, and to install 
the needed braces. 

Drawing together the fallen halves of a large tree is rather 
a difficult undertaking and requires some special equipment. 
Block-and-tackle, hoists, and various other lifting or pushing devices 
may be used. Best of all is a winch truck, which provides a slow, 
steady pull without danger of slippage or breakage. All parts 
wrapped around the tree or pushing against it should be carefully 
insulated with heavy padding to prevent injury to the bark. 

Once the parts are drawn together, several holes are drilled 
through the tree at strategic points along the split portion. For 
making these holes extra long diills are needed. Tliese may be 
bought from a tree-material supply house; every tree worker should 
have an assortment of varying lengths and thicknesses. The bit 
extension is unsafe for use in trees, for should the bit work loose 
from the extension, it is lost for good inside the tree. 

Drilling through a large tree is a difficult procedure which should 
be done slowly and carefully, pausmg from time to time to dean 
out all drill chips and frass. If part of tlie chips become compacted 
within the hole, drilling gets harder and harder, and the drill 
may break under the strain. It is much easier and faster to make die 
holes with an electric drill, but here even more care needs to be 
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taken not to force the drill. Holes should be made about a foot or 
so apart throughout the split portion. They should be staggered 
as much as possible so as not to have successive holes in the same 
line of sap Sow. 

When the holes are made it remains only to insert the fasteners. 
These may be either threaded rods or bolts and nuts. 

The threaded rod is perhaps stronger and somewhat neater, 
although more difficult to install. It is a long, nontapering rod 
with unexpanded ends and a screw thread along its entire length. 
It is screwed in with a pipe wrench until the point is just about 
to emerge on the opposite side and then cut ofiF with a hacksaw 
flush with the tree. A size one-sixteenth inch more than the hole 
diameter should be used. If the rod exceeds the hole diameter by 
more than this fraction, the greatest difficulty will be found 
screwing it in, and the probability is that (in hard woods) it will 
twist in two. The bolt-and-nut is simpler to install. The bolt is 
selected somewhat smaller than the hole and pushed into it by 
hand or, if a tight fit, driven in with a hammer. Oval- or diamond- 
shaped washers should be used both at the head end and the nut 
end of the bolt. Moreover, oval-shaped sections of bark should be 
chiselled away at both ends so that head and nut may be counter- 
sunk, allowing for quick grqwth of new bark over the holes. Any 
part of the bolt that projects* after the nut is tightened down should 
be cut off. 

The advantage of bolt and nut is that when the nut is tightened 
down, the split parts are forced even more closely together. The 
disadvantage is that it is very difficult to estimate the length of 
bolt needed so that a very complete assortment (or else a thread- 
cutter) must be carried along at all times, whereas the threaded 
rod may be inserted into any length hole and cut off at any desired 
point. Whichever material is used, it should be painted with rust- 
resistant metal paint (which must be harmless to the tree). Also 
a small amount of antiseptic tree paint should be smeared around 
the mouth of the holes before installation is completed. 

When a tree has been split down the center, one or more cables 
are usually installed higher up among the limbs, as a supplement 
to the rigid bracing below. Also heavy rods are sometimes installed 
through the major limbs at a point a foot or so above the split 
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crotch. If bracing is properly done and the split parts brought 
back entirely together, they will soon grow together at the edges 
and once more become one tree. 

Split limbs are treated exactly the same way as split trunks, 
except that the fasteners used are naturally smaller, in proportion 
to the size of limb involved and the amount of strain anticipated. 
Limbs may sometimes show long splits at some point along their 
length, while being perfectly sound in all other parts. When a trunk 
splits, it docs so at a crotch, which acts like an opening wedge, 
but, strangely enough, a limb may split at a point where no crotch 
is present. Such splits may be drawn together in the usual way; 
however, if they have been allowed to go two or three years, 
they will be permanently warped out of position, and no pressmre 
will draw them together without doing more harm than good. 
In such cases, the fasteners are tightened only to the point where 
furdier splitting may be prevented, and the opening is painted 
with antiseptic tree paint. If the split is not too wide, the edges 
may grow together with the passage of years. In any case the limb, 
properly braced, will live on unaffected, for the damage involved 
is purely mechanical, not physiological. If the limb is large and 
heavy, additional support may be given it by means of a cable 
passing to another limb above or opposite. 

Rigid fasteners may be used through cavities to strengthen 
the tree at such weakened points and to make sure the edges of the 
cavity do not draw away from the cavity filler. They are most useful 
where the cavity is large and the shell of sound wood thin, for here 
real danger of the tree’s breaking off is involved, particularly if 
the top is heavy and the cavity low down on the trunk. Small 
cavities very seldom need bracing. Cavity braces are installed 
transversely or, rarely, diagonally. The usual precautions of county- 
sinking, staggering, and painting are observed. 

Where two limbs are rubbing on each other, a special problem 
arises: If they are allowed to keep on rubbing, the bark, and even 
part of the wood, will be worn away, and a permanent avenue of 
infection opened. If one of the limbs is small or unimportant, it 
may be cut off and the diflSculty solved. If it is considered desirable 
to keep both limbs, the two may be joined together at the point 
where they rub by means of a threaded rod or bolt-and-nut. 
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Usually when so joined and movement between them prevented, 
they form a natural graft; in any case their chafed tissues quickly 
head. If it is desired to prevent their movement but at the same 
time keep them apart, the threaded rod or bolt may be so installed 



THREE METHODS OF BRACING LIMBS. 1. Two limbs joined 
together with bolt and nut but kept apart by a short length of pipe. 
2. Chafing of two limbs prevented by board on one and U-rod on the 
other. 3. Two limbs joined rigidly by bolt and nut. Threaded rod may 
also be used when two limbs are being joined. 


that a space remains between the limbs, as indicated in the 
illustration. To protect it against rust the visible part of the rod 
may be covered with short pieces of pipe put in at the time of 
installation. If it is desired to allow independent movement to 
each limb, rubbing may be prevented by installing a buffer rod on 
one limb and a board on the other, as shown in the figure. The 
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board will need to be replaced from time to time as it wears 
through. Instead of the board, another rod or a metal strip of 
some Idnd could be used, except that the two pieces of metal 
rubbing together produce a continuous and irritating noise. 

Another problem occurs where a large and valuable limb rubs 
against a telephone pole or some other similar obstruction. Here 
a board bolted to tlie limb is probably the best solution, if the 
limb is too large and heavy to be pulled back by a cable. Various 
other such miscellaneous problems in bracing will arise from time to 
time, piquing the ingenuity of the tree-worker. In all cases the 
principles to be followed are the same, and one who understands 
the structure and tlie physiology of trees cannot fail to cope with 
the issue. 


VERTICAL BRACING 

Vertical, rigid braces are used in the rare cases when support 
from above cannot be supplied. Trees growing in a reclining position 
sometimes need to be supported from underneath, as shown in the 
accompanying photograph. Such braces need to be very strong, for 
not only the tree comes to depend on them but the people under- 
neath as well. These braces should not be used near driveways, 
since if accidentally struck by a car, they may turn out to be the 
triggers of a trap. 

Vertical braces may be made of metal pipes, concrete posts, or 
wooden posts. Wooden posts are, of course, the least durable. 
Concrete posts arc valueless unless reinforced. Iron posts, painted 
with anti-corrosive to harmonize tvith surroundings, are best. 

The brace should be embedded firmly in the ground, preferably 
in a concrete footing so that it will not sink with the passage of time. 
At the upper end it may be attached to the tree by one of three 
methods; 

( 1 ) By surmounting it with a “rocker” or “cupped hand,” made 
to conform to the roundness of the tree. Although the tree rests very 
securely in the rocker, the device injures the bark and cambium 
a*" the point of contact. 

(2) By providing it with a pointed rod which fits into a hole 
bored into the tree. The rod may go only part of the way into 
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the tree, like a lag screw hook, or it may traverse it entirely 
and be secnired on the upper side by nut and washer. 

(3) By installing a rod horizontally through the tree and allowing 
its mids to protrude several inches; then by using the same rocker 
structure as in (1) but with its ends curved upward more sharply 
so that they support the protruding ends of the rod rather than 
touching the tree itself. 

Methods (2) and (3) do not injure the tree. Method (2), while 
acceptable for a limb or small tree, is unsafe for a large tree, for 
a hard wind may twist the tree and break the rod. Method (3) is 
the best of all. It provides security and at the same time allows 
the tree to continue growing unimpeded. 

A modification of the vertical brace is the rigid horizontal 
or diagonal brace, used in the very special case where a leaning 
tree must be supported against another tree that leans in the 
same direction and away from it. Where the weak tree leans away 
from the anchor tree, the leaning is no problem, for cables can 
be used. But where the weak tree leans toward the anchor tree, 
the former must be made to rest on the latter ratlitS’ than be 
suspended from it. 

In such cases an iron pipe 1, 2, or 3 inches across, according to the 
size of the tree to be suppor1;pd, makes an excellent brace. A shallow 
hole the size of the pipe is bored into each tree at the point of attach- 
ment. In the center of the shallow hole a large nail is driven, or a 
small lag screw hook is screwed in. The pipe is then fitted over the 
nail and into the hole. The holes need to be made at exactly the 
right places, determined by previously measuring with the pipe. 
The point of maximum siipport is of course sought. The nail and the 
hole will keep the pipe from sliding to one side, while the hole also 
serves as countersinking to allow callus growth to develop around 
the inserted pipe ends. 

To prevent the pipe from falling out when the trees separate when 
blown by the wind, it is necessary to install a cable a foot or so 
above or below the pipe. The cable prevents the two objects from 
opening; the pipe prevents them from closing. The principle is 
exactly the same as that used in certain types of automotive tow- 
bars, where a short length of chain passes through a pipe. Because 
of the chain the front car pulls the rear car; because of the pipe 
the two are prevented from colliding. 
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REASONS FOR FERTILIZING 

Tbees growing in a forest fertilize themselves to a great extent 
by annually shedding their leaves, which decay and enrich the soil. 
They are further fertilized by other decomposing plant matter and 
by decomposing animal matter. In addition, the soil is usually 
quite porous, allowing free passage of air and water. Rains are 
frequent, and the water is prevented from running off by the loose 
mat of debris and the thick, porous layers of humus. 

In city areas most of these conditions are reversed. Leaves are 
swept up and burned or hauled away. No plant and animal debris 
is allowed to accumulate under trees. The ground around them is 
either covered with cement or asphalt or is tightly packed by walk- 
ing on it or is covered with heavy sod, making it difficult or im- 
possible for water and air to reach the roots. The water supply, 
both underground and above ground, is almost always inadequate. 

Because of these highly unfavo'-able conditions, trees growing in 
city areas need to be artificially fed and watered. Some need it 
more than others, but nearly all of them need assistance unless 
growing along a stream or in some abandoned back lot. 

Superficial feeding and watering of trees has not proved satisfac- 
tory. Food scattered over the top of the ground and water sprinkled 
on it seldom reach the hungry tree roots below. Most of both food 
and water are absorbed by the turf growth that usually surrpunds 
city trees. 

Hence, a method of feeding that breaks through surface coverings 
and puts the food where the roots are found is the only method that 
can benefit the tree. 
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LOCATION OF ROOTS 

It is often said that the roots of a tree extend as far outward as its 
branches. Many people find tliis hard to believe, having in the back 
of their minds the relatively small root-ball moved with shrubs 
and transplanted trees. In fact, however, the roots of an established 
tree not only extend as far as the branches but usually much farther 
— ^in some cases two, three, or four times farther. 

Oddly enough, those who find difficulty in believing that the roots 
extend outward so far often accept without question the popular 
belief that the roots go down as far as the tree goes up. This, 
apart from very exceptional cases, is certainly not true. Ordinarily 
the roots go down only a third, a fourth, or a fifth of the tree’s 
height, and then only some of them go this deep, mainly the huge 
anchor roots and, in some trees, the taproot, which often makes a 
spectacular descent in search of underground water. However, the 
feeder roots are always close to the surface, for the most abundant 
and richest food is to be found in the layer of topsoil. The feeder 
roots of nearly all trees occur within two feet of the surface. 

PLACE TO FERTILIZE 

By considering root location, it becomes obvious that fertilizer 
should not be applied; (1) close around tlie trunk of a tree; (2) 
too shallowly (sprinkled on top); (3) too deeply (more than two 
feet down ) . The commonest error in feeding is to apply the fertilizer 
immediately around the trunk, doing little if any good and some- 
times doing harm, particularly in the case of young, tender-barked 
trees which are easily burned. 

The area in which the fertilizer is most eflFectively placed is the 
outer two-thirds of the branch spread and one third beyond. Direc- 
tions frequently given on commercial fertilizers recommend applica- 
tion under the branch drip. Although this is approximately right, 
the area indicated above is better because it is broader. 

MANNER OF FERTILIZING 

Throughout the indicated area small holes are made about 2 feet 
apart and about or 2 feet deep. How many holes should be made? 




Method of feeding tree by making holes Wi feet deep beneath the outer 
two-thirds of the branch spread. 


The holes may be made at random throughout the area, or may 
be made in a pattern of concentric rings. The essential thing is that 
a more or less even coverage he obtained, so that one side of the tree 
is not starved, while the other side gets a double dose. (In cases 
where a tree is near a building, only half the root system can be fed, 
of course. ) 
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Many devices have been developed for making the holes. The 
simplest and least expensive is a straight, pointed iron bar about six 
feet long and 1 % inches through, which is forced into the ground 
manually by repeated jabbing. In reasonably soft ground a strong 
man can make 100 holes or so in about two hours. Each time the 
bar is jabbed in, it should be wiggled around to make it easier to 
pull out and to make the mouth of the hole somewhat larger for 
the easier pouring in of the fertilizer. 

In very hard or rocky soil it is often necessary to use a shorter 
bar ( 2)2 feet long) and to drive it in by sledge hammers. 

Special earth augers driven by electrieity or compressed air are 
often used by large companies where the soil permits. These have 
the advantage of being faster and easier than the bars and of making 
a somewhat larger hole with sides less compacted. 

Another device utilizes the erosive force of w'ater ejected at high 
pressure. It consists of a pipe with a small hole in the end, which 
is gradually worked into the ground, thus digging the hole and 
softening and watering the surrounding soil at the same time. 
Some large companies achieve the same effect by u^g jets of 
compressed air. 

Extremely compacted soils are sometimes loosened by dynamit- 
ing. Instead of harming a tree, as might be supposed, dynamiting 
is beneficial by adding nitrogen to the soil, as well as by loosening it. 

Amateurs sometimes try to make holes with a posthole digger. 
This tool makes too largo a hole and damages too many roots in 
the process. The pointed bar damages roots only veiy occasionally. 
Its greatest damage is to the drainage pipes, copper pipes of sprin- 
kler systems, etc. One of the reasons for not making holes close to 
the trunk is to avoid injury to the large, muscular roots that are 
usually more clustered and nearer the surface at that point. 

Once the holes are made, they are filled about three-fourths of 
the way with the fertilizer mixture. If the fertilizer used is a solid 
or a powder, water must be added to it, for it cannot be absorbed 
by the roots until it enters into solution. If the fertilizer is applied 
in liquid form, no watering is necessary. 

If applied as a powder, it can be conveniently mixed with a hoe in 
a wheelbarrow and then pomed into the holes with a gallon or half 
gallon can bent to form a pouring spout. It can then be watered 
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with a garden hose directed into each hole. It is desirable to keep 
these holes open as long as possible. 

KIND OF FERTILIZER 

There are as many different opinions about the best kind of fer- 
tilizer as there are about the best kind of automobile. Many people 
will use only horse manure, others sheep manure, some prefer leaf- 
mold, bone meal, etc. Actually, all of these are good fertilizers, and 
none need be exclusive of the others. 

The essential ingredients needed for plant growth are nitrogen, 
phosphorus, potassium, iron, calcium, magnesium, sulfur, manga- 
nese, boron, copper, zinc, and molybdenum. Most commercial ferti- 
lizers contain principally the first three elements, expressed as a 
proportion, such as 5-10-5, 6-8-4, etc., indicating the relative 
amounts of each. Often other elements, such as boron and manga- 
nese, are present in small quantities. In recent years some companies 
have systematically included the lesser-known elements, hence in- 
creasing the value of their product. 

Certain abnormalities of trees may be remedied by applying the 
right kind of fertilizer. Each particular element has a particular 
influence on plant growth. Wliere iron deficiency is indicated, 
it would be idle to supply pure nitrogen, although nitrogen and iron 
both would be of value. An expert is needed to diagnose abnormali- 
ties caused by deficiencies of tlie minor elements. But within the 
reach of everyone is the application of a well-balanced fertilizer as 
needed or at regular intervals. Fertilizers frequently help, very 
rarely harm, unless applied in overdoses or directly against stem or 
trunk. 

Fertilizers are useful not only in maintaining a tree in normal 
health but also in providing it with a stimulus to hasten healing 
over pruning wounds or over recently repaired cavities. Many large 
companies do not undertake extensive pruning or cavity repair 
unless authorized to feed the tree at the same time. 

Nitrogen is the element most responsible for the maintenance of 
green color in leaves; also for normal twig growth. It is more 
frequently lacking in shade trees than in orchards, since there the 
systematic plowing under of cover crops insures its replenishment. 
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In the forest it is replenished naturally in the form of humus (decay- 
ing animal and vegetable matter). Since it is abundantly present in 
barnyard manure, slaughterhouse refuse, and other organic prod- 
ucts, these are among the best of fertilizers. It is also obtained 
from sodium nitrate, calcium nitrate, and ammonium sulfate. 
Leguminous trees, such as the locusts, the mesquite, the redbud, etc., 
actually add nitrogen to the soil by means of colonies of nitrogen- 
fixing bacteria that grow in nodules on their roots. 

Potassium or potash assists in the manufacture of sugar and 
starches. It also helps tissues mature properly and heightens the 
color of flowers. Plants deficient in potash may become either too 
succulent or too brittle. 

Phosphorus assists in the maturation of tissues and stimulates 
root growth. It is particularly important in the production of flowers, 
fruits, and seeds. Since it normally penetrates the ground very 
slowly (as contrasted with the rapid leaching action of nitrates), it 
should be applied by the punch-bar method. 

Magnesium and iron are essential to the formation and main- 
tenance of chlorophyll. Wliere lacking, leaves are yelldwish and un- 
healthy. 

Calcium serves a number of purposes, not the least of which is 
to “sweeten” the soil and favor the activities of beneficial micro- 
organisms. 

Formerly the commercial fertilizers sold for dressing lawns were 
not quite adequate for shade trees. Many of today s lawn fertilizers, 
however, arc higher in nitrogen content, and can be used as effec- 
tively on trees as on the turf at their feet. 

Although it is possible for one to mix his own fertilizer from raw 
elements according to a strictly scientific formula, it is seldom prac- 
tical to do so. A good fertilizer can be made by mixing a commercial 
fertilizer in roughly equal parts with sheep manure (or horse ma- 
nure, cow manure, or tankage), and adding nitrate of soda, bone 
meal, and copperas (iron sulfate), where needed. This type of mix- 
ture supplies all the needed ingredients in about the right propor- 
tions and, further, in such a manner that their action is continuous 
over a period of time, some taking effect immediately, others acting 
more slowly. 
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SPECIAL CASES 

There are, of course, special cases that demand a modificatioii 
of the fertilizer composition. In some soils aluminum sulfate needs 
to be mixed with iron sulfate in order to make the iron available. 
In others the soil needs to be changed from acid to alkaline, or from 
alkaline to acid. For example, most shade trees grow in slightly acid 
soil (pH value of 5.5 to 7.0). 

Ground limestone will increase the alkalinity of soils, while 
aluminrun sulfate and sulfur will increase their acidity. The pH 
V alue of any soil can easily be determined by means of a soil-testing 
kit costing less than ten dollars. 

Not all trees respond equally well to fertih’zing. Oaks, elms, 
pecans, walnut, and basswood usually show a high degree of re- 
sponse quickly. Some trees react very slowly, while others may 
actually be harmed, due to a complication of other factors. The 
pear tree, for example, may become badly attacked by fire blight 
when excessively stimulated by nitrogenous fertilizer; hence it is 
better for this tree to receive food low in nitrogen content, or none 
at all. 


AMOUNT OF FERTILIZER 

Trees 6 inches or under in diameter (DBH)^ should be fed at 
the rate of 2-3 pounds for every diameter inch. That is, a 6-inch 
tree should get 17-18 pounds, a 4-inch tree 8-12 pounds, etc. Larger 
tiees are usually given 5 pounds per diameter inch (DBH) Tims 
a 3-foot tree needs about 180 pounds of fertilizer. The arithmetic 
involved is very simple. The required quantity is determined and 
enough holes are made to accommodate it. That is all. 

TIME TO FERTILIZE 

In general, the best time to fertihze is in early spring because 
at that time new growth is most active and adequate nutrients must 
be available to accommodate the demand. Fertilization in mid- 
summer is less eflFective, and in late summer it should be avoided, as 

^ Diameter at breast height. 
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any new growth stimulated at this time stands a good chance of 
being injured by early frost. Fertilization in winter produces no 
apparent effect, although the materials are not lost, since they remain 
in the soil and are picked up by the roots early in the following 
spring. Indeed, some arborists beheve late fall or winter the best 
time. A tree that is weak from lack of proper nutrients, however, 
should be fed, if practical, whenever its sickness is discovered, re- 
gardless of the season. 

FREQUENCY OF APPLICATION 

How often should trees be fed? Once a year, twice a year, once 
every two years? The answer depends, of course, on the kind of tree 
and the circumstances. 

Generally a tree in good color and high vigor need never be 
fertilized. Why tamper with something perfect? On the other hand, 
a below par tree or one diseased, attacked by insects, or damaged 
mechanically, should be fed abundantly once every year or once 
every two years until it recovers. After that, it should be fed as 
needed, with the intention of “tapering off,” if possible. 

Some trees may need only one feeding in a lifetime to enable 
them to overcome some , temporary ailment. Others may need 
periodic feeding once a year, or once every two or three years all 
their lives. Although feeding is an artificial measure, it is only so 
because artificial conditions have prevented natural feeding; hence 
it cannot be considered “habit-forming,” as some people seem to 
believe. 


SOIL IMPROVEMENT 

In spite of its extreme usefulness, fertilizing is only a part of a 
soil-improvement program. If the soil around a valuable tree is 
exhausted or vitiated, it may need to be dug out and replaced 
entirely. This may be done gradually over a period of years and, 
although very expensive, is an almost certain method of rejuvena- 
tion. 

Soils that are too tiiin or sandy may be improved by the addition 
of heavy, rich soil. Conversely, soils too wet and clayey should be 
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spaded up and mixed with sandy loam or fine gravel. Most soils 
can be improved by die incorporation of humus. 

By means of the leaves a tree takes in carbon and oxygen from 
the air, which is nearly constant; it takes in hydrogen from the 
water imbibed by the roots. All the rest of the elements necessary 
to plant growth come from the soil. Their presence or absence and 
dieir degree of availability are largely responsible for the differences 
of vigor among trees having similar heredity. Hence we may coin 
an aphorism: No tree is better than the soil in which it grows. 

OTHER METHODS OF FEEDING 

Trees may be fed by methods other than through the soil, al- 
though soil-feeding is probably the best method and the one giving 
the longest-lasting results. They may be fed by (1) spraying the 
leaves; (2) spraying or painting thin-barked trunk and lower 
branches; (3) injections into the trunk. 

(1) Nutrients may be sprayed onto the leaves in liquid form 
and absorbed immediately. This method is particularly useful in 
cases of chlorosis. The mediod gives immediate results but is not 
so long-lasting as soil fertilization. 

(2) Liquid nutrients may be sprayed not only on leaves but 
onto trunk and lower branches as well when the bark is thin enough 
to permit their absorption. Recent experiments, particularly on fruit 
trees, indicate that many ot the necessary fertilizer elements can be 
applied to a tree in this manner; also by painting or swabbing the 
nutrient solution onto these parts, lladioactivation of the nutrients, 
followed by their tracing with Geiger counters, establishes the fact 
of their absorption and internal distribution beyond anv doubt. 

(3) Direct injection into the trunk is now successfully practiced 
as a remedy for various abnormal conditions. The substance in- 
jected may be a liquid or a solid. If a liquid, it needs to be in special 
containers, attached to or suspended from the tree, and injected 
slowly over a period of hours or even days. Such methods are not 
practical under city conditions, for small boys or curious passerby 
are almost certain to meddle with the apparatus. This method has 
been used, among other things, to inject certain organic dyes into 
maple trees for the treatment of bleeding canker. 
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Injection of a solid is by comparison quite simple. The material 
to be used is prepared as a capsule with an easily soluble coat. 
With an ordinary brace and bit, a hole half an inch wide or so is 
drilled into good sound sapwood to a depth of 2 or 3 inches — slanted 
slightly downwards so that when the material dissolves it will not 
run out The capsule is put in and the hole sealed up with putty, 
asphalt, or cement. The capsule coat dissolves, the substance inside 
gradually does the same, enters into the sap stream, and is carried 
to all parts of the tree. 

While many materials may be applied in this manner, the sub- 
stance most commonly used, and consequently the one about which 
the most data have been assembled, is iron salts, used for the treat- 
ment of chlorosis. The iron is usually applied as ferric phosphate, 
at the rate of 5 grams for every inch of trunk diameter. For a large 
tree several holes distributed equidistantly around the trunk should 
be bored. 

Complete fertilizers may also be applied in this way. Trees have 
been given experimental injections of urea, potassium phosphate, 
and other substances with gratifying results. 

The disadvantage of trunk injection is the danger of introducing 
wood-rotting fungi or wood borers or other insects, particularly 
where die holes are impejifectly plugged up. The method cannot be 
considered as valuable as soil fertilization, although it may serve 
as a substitute where buildings, streets, sidewalks, or otlier obstruc- 
tions limit the area for root fertilization. 
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Spbaying is one of the most important parts of tree care. At the same 
time it is perhaps the part that demands the most knowledge and 
requires the most caution. 

Spraying, like land-clearing, lake-draining, river-changing, etc., 
interferes with the balance of nature, which, although it may not 
seem so, is always in a state of very delicate equilibrium. Although 
such interference is often desirable, its consequences are not always 
foreseeable. An activity that is apparently completely innocent may 
invite sudden calamity. Ihe remedy may prove worse than the 
disease, may in fact aggravate tlie disease. 

Among the factors to be considered before a spray is applied are 
these; 

temperature 

humidity 

wind 

compatibility of spray ingredients 
correct dilution of spray 

kind and stage of insect or fungus to be controlled 
kind and condition of tree or slirub being sprayed 
date of last spraying and possibility of harmful residue. 

These factors, and others, sufficiently complicate spraying. It is 
impossible to lay down a general rule to fit all sprays and all trees. 
Each type of spray has its particular temperature and humidity 
requirements. Each species of plant has its particular susceptibility. 

Unquestionably, the new spray materials are very effective, par- 
ticularly the new organic insecticides. Moreover, better materials 
will continue to be developed. Yet it seems improbable that there 
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will ever be a foolproof panacea: first, because of the varying sus- 
ceptibility of plants themselves, and second, because of the marvel- 
ous adaptability of insects, which can build up resistance to even 
the deadliest of poisons. If eternal vigilance is the price of liberty, 
eternal study and observation are the price of insect and disease 
control. 


TIMELINESS 

As important as choosing the correct spray material is the timeli- 
ness of its application. Most fungus and bacteiial diseases, for 
example, must be prevented, not cured. This means that the spray 
material must be applied before the spores have an opportunity 
to penetiate the leaves. Usually, as for antliracnose prevention,, 
application is made just as the new leaves reach full stage of 
growth. Subsequent rains will wash the material off, and for new 
growth supplementary sprays are recommended. 

Spraying for insect control is just as difficult. Sometimes there 
is an interval of only two or three days when the harmful insect 
is active. If the spraying is not done at that time, it is wasted. Spray- 
ing before is like firing ^head of the duck; spraying later is like 
firing behind him.^ 

Bagworms are a good example. They must be sprayed when 
actually eating the loaves. Spray applied before they appear deteri- 
orates and loses its effect; also unprotected new growth appears. 
Spray applied when they have finished feeding and are retiring into 
their cocoons affects them no more than rain affects us inside our 
house. 

Control of the plum curculio is another example. Once the egg 
is inside the developing fruit, all subsequent spraying is wasted. 

Fortunately, not all insects present so difficult a problem. If they 
did, one might well give up and let things take their own course. 
Many insects, such as plant lice and scale, may be sprayed any 
time they become abundant. Plant lice and some forms of scale are 
almost always in the garden and on the trees. They are never 

^ Recently, sprays with lasting residual effects have been developed. Widi 
these, liming is not as important. However, they tend to be more con- 
centrated, and this may make them injurious to plants. 
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eradic&ted, only controlled. A certain number of insect pests is 
normal. It is only when their numbers become epidemic that the 
gardener needs to become alarmed. 

It is impossible in a book of this kind to lay down spraying 
schedules, for these vary from region to region. In our southern 
states most trees flower and set fruit in March and April, in our 
northern states some of the same kinds may not flower until June. 
Even within the limits of a single state the variations are consider- 
able. Only experience, observation, and consultation with neighbors 
and with local county agents can determine when you should spray 
and for what. 


REPETITION 

This brings up another point: spraying needs to be repeated. 
One spraying seldom accomplishes 100 per cent results. In the case 
uf insects, the first spraying may kill 75%, 80%, even 90%. But those 
left rapidly build up their numbers again, so that m a short time 
the spraying must be repeated. Even in the rare case of 100% destruc- 
tion, other insects can fly m from all points of the compass and 
reinfest the tree within a few days. (See also page 120.) 

In the case of fungus and bacterial diseases that enter through 
the foliage, spraying needs to be repeated whenever the protective 
film over the new leaves weathers off and whenever new, unpro- 
tected growth appears. 

The homeowner with one or two shade or fruit trees may well 
wonder whether it is worth the cffoil and the cost to keep his trees 
insect and disease free. Often it is not, to be quite truthful about 
it. “I think I like a speckled axe better,” said Benjamin Franklin, 
after turning the giindstone a few minutes. You as a homeowner may 
decide you don’t mind a few insects on your trees, after spending 
large sums trying to eliminate tliem. 

Many homeowners are unnecessarily alarmed at the accidental 
discovery of an insect-eaten or diseased leaf, when in reality every 
year they have had the same thing without noticing it. Frequently 
they have their trees sprayed at a time when the disease is already 
clearing up or the insects naturally disappearing. In such cases 
the one who does the spraying takes full credit for the cure and 
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thus gains the complete confidence of the homeowner. Caveat 
emptorl 

The really serious cases of epidemic infestations or fatal diseases 
are in a different category, of course. These demand the best efforts 
of the most experienced and most conscientious arborists. Where the 
life or death of a valuable tree is at stake, one might well afford to 
spray up to ten times if need be. 

(On the other hand, some spray materials, such as DDT in cer- 
tain concentrations, have been observed to have an adverse effect on 
trees when used too frequently. ) 

TYPES OF SPRAYERS 

Sprayers work on a very simple principle: the principle of 
hydraulic pressure: the same principle that makes a hydraulic jack 
raise a car, brake shoes close against a brake drum, and blood spurt 
from a wound. 

In all sprayeis air pressure is built up in a tank coi^jtaining liquid. 
By mechanical means the air is compressed; the air pushes against 
the liquid, and the liquid is forced out through a tiny orifice, which 
may be opened or closed at will. The greater the pressure the more 
forceful the flow from tfie orifice. The orifice (nozzle) is so made 
that it may adjust from a solid stream to a fine mist. All the mechani- 
cal sprayers also have an agitator to keep the solution thoroughly 
mixed during the spray operation. In hand-operated sprayers the 
solution is agitated manually. 

Small, three-gallon tanks are made to be carried about on the back 
or slung over the shoulder. They are pumped and agitated by hand. 
Although designed principally for flowering plants and shrubs, they 
will do for trees up to 10 or 12 feet. 

Wheelbarrow sprayers have a larger tank capacity and build up 
somewhat greater pressure. For trees, however, their limits are 
about the same. 

Only power sprayers are adecpiate for large trees. In, the first 

^ace, \ticir t.iih, < apacity is larger, 'in hie SeCOnd 

out at greater pressure, thus breaking it up into finer 

IS which insures better and more economical coverage. In the 
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third place their mechanical agitator provides for a thoroughly 
mixed solution of a constant consistency. 

Power sprayers are available in many different models, from small, 
hand-pushed, wheelbarrow-like affairs designed for gardens, green- 
houses, large estates, small orchards, golf courses, etc., to the very 
large units made to be mounted permanently on a special truck. 
Some of the largest models have hoses and nozzles almost as formid- 
able as those of the fire department. They can throw a solid stream 
80 feet into the air that breaks up into a fine mist and floats over 
all parts of the tree. 

All power sprayers should be equipped with hoses 100 or 200 
feet long, which when not in use are rolled up and hung on special 
hooks. By means of a long hose all the trees around a residence 
can easily be reached although the spray truck is parked in the 
street. 

The newest development in sprayers is the blower or mist blower. 
In these machines the spray materials are let into a powerful 
stream of air through nozzles that break up the material into the 
size of fog particles. Agitation of the topmost leaves in the tree by 
the air stream is a measure of the effectiveness of the operation. 
The finely dispersed spray particles filter down on the foliage as mist 
does. By the use of spray concentrates, an economy in time and 
labor is realized. The blower’s limitations in maneuverability prevent 
its supplanting the hydraulic rig entirely. 


TECHNIQUE OF SPRAYING 

The basic idea in spraying is to wet all parts of the tree thoroughly. 
Obviously, it would do no good to spray only one branch of an 
infected tree. Similarly it does little good to wet only the upper 
surface of leaves or only the lower surface: both surfaces need to be 
wetted. In addition to the leaves, the twigs, branches, limbs, and 
the trunk itself should he sprayed; many times even the ground 
around the tree. 

While thoroughness is absolutely essential to successful spraying, 
this does not mean that the plant needs to be saturated until die 
spray r uns off. Ga’ ’ration merely wastes spray material without in- 
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Hpil^ Hei»e materials or “stickers'* 'm luMed 
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to tbe leaves. 

iSome of the most-used spreaders and stickers are soap flakes (or 
liquid soap), fish ofl, calcium caseinate, resm, g^ue, common flour, 
and billboard paste. Glue, at the rate of 1 mince to 100 gallons, 
is an excellent sticker. Used a little stronger, it actually sticks down 
some of the smaller insects, such as red spider, and kills them by 
Innhobilizing them, as fly-paper kills flies. Common flour, used at 
idle rate of 2 to 4 pounds per 1<K) gallons of water*( 2 to 3 table- 
kbop^ per gallon), is perhaps the saiest of the spreaders, producing 
M^i ^ife^c ttl reaction with any of the spray iugitedients. Ofl emul- 
good spreaders, may in the growing season cause Inkling 
and^t lf iSt ^add on bloom on ornamental plants. Motft prc^^al^lttry 
spiajj^ nmWids come already mixed with spreaders ahd stidkecit. 

Whili^JhaM-^raying is comparatively simple, pOwer-sprj|l^||li^ in- 
V(dves Ik few complications. Power-spraying is best don# ml still 
days or days vdth a vmy gentle breeze. If die operator’ not 
want the Ipray to faEott hi^ he should take advantage idf f^Mever 
breeze there jt hy so placi^ himsdf that the ^ 

carried away fimim him and toward the tree. Very 
always to be avoided since the spray jaidatlal m4^,.he fjillHWMill 
or four biodipt fm*® ^e point of opmtimi, 

of a |Wer sprayer in resideidill arena I^WSya 
tiilj^bwRage to ethera: like loud e^eroad 
4 diaturbanoiit #,|i| 







Plate 11 PREVENTABLE DAMAGE Upper left A tree weakened b\ cavi- 
ties ma\ die unless properly repan ed Upper right Cabling and cavitv lepair 
would have saved the lost limb, and mav yet save the laige one if done in time 
Loiver left The neglected stub initiated decav, the resulting cavit) weakened 
the tree and it blew apart Lower right This tree needs proper shaping of the 
ssound and repeated painting with tree dressing 





Plate 12. now NOT TO FILL A CAVITY. Left. Four things are wrong here: 
(]) The ca\ ity is not cleaned out properly l)elnnd the concrete. (2) The filling 
does not follow the cavit\ into the ground. (3) There are no section dividers. 
(4) The concrete has been plastered over the edge, co\ering healthv bark and 
impeding normal healing processes. Ri^ht: The concrete has broken into pieces 
because' the new callus, which cannot grow over it, is striving to close together 
behind it. It is better to leave a tiee to its own resources than to tamper with it 
ignorantly. 




Plate 13 THE RIGHT WA\ TO Til L A ( AM 1\ Left Rocks used as bad 
mg save on ''oncretc (an unoitbodox but cllcctuc nictbod) The conciete is put 
in almost clr\ a little at a time and must Ik tamped thoioughlv especially around 
the edges The spoon shiped tool is a c i\itc slick loi smoothing and polishing 
the face ol the filling Kig/it The same caviU finished Si ction divideis an m- 
scTted to prevent eraekmg when tcmpeiatures change Recessing the filling allows 
the callus to giow osei it and seal the wound at the edges 



Plate 14 WOUNDS AND THEIR TREATMENT. Above, left: Careless ex- 
cav,i(jn^ has caused tlus caMlv to (he hack hom the edge of the concrete. Callus 
has tarthei to giow, while the e\posecl sapw'ood is already decaying. Center: 
Lightning caused a haik wound, but left the exposed wood sound. Painting with 
a tiee wound dic'ssiug is sufficient here, since new giowth is already closing the 
seal Rig/i/ A l)<irk wound, tiaced and pointed to promote rapid healing, needs 
only a tiee w^ouncl diessing, peiiodiealU applied Below Properly filled cavities, 
earned into the giound and up into the tiunk as far as decay progre.ssed. Note 
drainpipe at bottom of caMty, rif^ht. 



iPt tibat it makes 

(he water a (hw 
.jE6od, it ruins (heir 
(hat it^j^ins their house or ai 
To such complaints them . Jl 
^ey may be sustained. Hm proper thuf^ 
get praifl^sion from the nei^l^rs aa<fto' 
windows and move their cars ppssi^. 
affected can be covei^ with capi^ II the tseji^ 
paik or near a.busy t^rdughlare, sometimes V 
may be roped off to exdu^ pedestrians. Chie 
careful. legal impUc^tions of iajurmg a 
material a|^ not to be taken li^tly. 

Hie opmah^s themselves should wear masks, n 
turn of jtoxio m^erials can become serious. £y^ opi 
skin should be avoided. The hands should be 
gloves, and the hands, arms, and face catelu|ly V 
and water after each spraying or mixing. ; |? 

Spray that ^cumulates on a street or a si^Nwalk^ “ 
mediately^ ijirashed off with a stream of pure wnhpito 
after-effects tm children or pets playing in ff. 



MAIN USES 

The, main uses of spn^dng are diese: 

(1) For the control <n injurious insects. 

( 2 ) For the control.!^ bacteria^ fungi, and vh^es, 

(3) Fm the contr<||iaf Extraneous growdis, 
moss, and ball moss. 

(4) For the inhibition or sthnuldtkm 
development of some of its parts. 


jPoint (1) is discussed ip (^ 
rFpint (2) is discussed ht (he 

Lying for disease tionbNd miy^ 
lication pf pmHiid^i^ 
are fli^ide (he ' 
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which are absorbed by the leaves and translocated internally to the 
locus of infection. 

Points (3) and (4) are discussed below. 

(3) Some trees, particularly in our southern states, become so 
heavily covered with lichen, Spanish moss, or ball moss as to need 
spraying. 

A lichen is not a parasite; it merely clings to the tree, as it clings 
to a rock, deriving its nourishment independently through the photo- 
synthetic power of the constituent alga. It can, however, do harm 
in the rare cases where it occurs so abundantly as to interfere with 
the lenticels (breathing pores) of the tree. Many oaks in a state of 
declining vigor are often heavily scaled with lichen. It can be killed 
by spraying with a lye solution (3 parts of lye to 100 parts of water) 
when the tree has shed its leaves. In the rare cases where it seems 
justifiable, the limbs can be cleaned by scraping with a wire brush. 

The Spanish moss and the ball moss (both discussed in chapter 
on Miscellaneous Troubles) are also epiphytes, not parasites, but they 
too may do harm where they occur overabundantly. Xhe same lye 
solution spray or sometimes an arsenate of lead spray is effective 
against them, burning them to death, although the withered remains 
hang on the tree for a year or so afterwards. 

(4) Hormones are cheiiiical substances that accelerate or retard 
certain aspects of plant growth. One of the most commonly known 
hormones, practical and spectacular in its results, is the weed-killer, 
2,4-D. This material, sprayed directly onto the plant, kills by causing 
such an overstimulation of growth that food cannot be absorbed 
rapidly enough to accommodate the new demands. Other hormones 
of extremely practical importance and interest are those that assist 
in the formation of new roots on a cutting or a transplant,^ those that 
accelerate fruit production without the necessity of pollination, 
those that restrict the formation of fruit, and those that enable a tree 
to retain its fruit until maturation. 

^The initiation of root activity has been induced in some cases by soaking 
root systems of plants for periods up to 48 hours in dilute solutions of auxin 
ranging from 2% to 150 parts per million. The auxin most used for studies 
was indolebutyric acid. A considerable amount of root growth was observed 
in certain shrubs such as viburnum, cotoneaster, honeysuckle, and some hard- 
wood trees such as American elm, hard maple, black oak, pin oak, eastern 
red oak and black walnut. Conifers exhibited little response. See L. J, Audus, 
Plant Groioth Substances. 
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ADVICE TO HOMEOWNERS 

Do not try to spray your own trees, Do not have them sprayed 
unless you are given convincing reasons why it should be done. Do 
not deal with itinerant door-knockers. Deal only with a reputable 
arborist who is ready and able to take responsibility for his work. 
If in doubt, consult with your county agent or your state experiment 
station; they will be glad to help you. 
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The insects, like the poor, we shall always have with us. There were 
insects on the earth millions of years before man appeared, and the 
last living creature on our planet, as it slowly freezes in the heatless 
rays of a dying sun, will very probably be an insect. 

Insects are fitted in many ways to win in the relentless war of 
survival. Consider their small size ( which instead of being a handi- 
cap is an advantage more often than not), their prodigious numbers, 
their reproductive facility, their marvelous powers or adaptation. 
Consider their lack of intelligence, memory, and emotion, by 
virtue of which they waste no time in reflection, regret, hopes, or 
fear, but pursue directly^ and undistractedly their objectives — the 
satisfaction of their hunger and perpetuation of their kind. They can 
eat anything, including soap and match-heads. In cases of need they 
eat their fellows, or even parts of their own body. They can adapt 
to anything, even to DDT and hydrocyanic gas. When they fly, 
they darken the sky. When they go on the inarch, nothing can ob- 
struct their progress. They have honeycombed the earth, dominated 
the sky, invaded the waters, infiltrated all plant and animal 
organisms. They are omnivorous, ubiquitous, uncountable, inde- 
structible. 

In many ways insects are quite diflPerent from vertebrate creatures. 
Instead oHiaving lungs, they breathe through a series of small open- 
ings distributed over their body. (The goal of many insecticides is to 
clog up these breathing pores. ) Instead of having an internal skeleton 
endowed with the power of continuous growth, they have no 
skeleton at all, or at best only an outer homy shell which must 
be shed from time to time as they outgrow it. (If a boy were put 
into a suit of armor at the age of six, he would have to change it for 
a larger one every year or so until he became an adult. The dis- 
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csxded armors of the cicada are familiar discoveries on tree trunks 
in the summertime. ) 

The peculiar growth habits of the insects cause us to see them 
many times without recognizing them. Although “the child is father 
to the man,” and looks enough like him to prove it, who can imagine 
the maggot as father to the fly? Or the spiny grub father to the 
beautiful luna moth? Or the insatiable w^ood borers to the totally 
dissimilar adult beetle? 

When insects have what is called a complete metamorphosis, 
they exist in four forms: egg, larva, pupa, adult, each form greatly 
different from the other and developing in the order named. When 
they have an incomplete metamorphosis, they exist in three forms 
only; egg, nymph, and adult, the pupa being omitted. 

The larva is the eating stage, when the insect does most of its 
damage to plants. It is variously called grub, caterpillar, and maggot. 
To most of us it is a “worm” — a many-footed, restless, imprudent, 
and very hungry crawling thing. For birds the larva is the piece de 
resistance. 

The pupa is the resting stage. After having eaten himself into a 
stupor, the larva builds a cocoon and curls up for a long sleep. 
Altliough apparently a stage of complete dormancy, the pupal stage 
is actually a time of very important and complex metabolic and 
structural changes, whose end product is the adult. 

Very different from the hungry larva, the adult emerges from the 
cocoon, flies about, mates, deposits her eggs, and dies. Some adults 
live but one day, some but a fractiem of a day. Some have no mouths 
and cannot eat. Others, such as the ants, live on for several years, 
working, eating, and hoarding. But whether the female adult lives 
a few days or a few years, her essential functions are to mate and 
lay eggs before dying. 

Insects are most easily destroyed when in the beginning larval 
stage or in the molting periods. Eggs frequently escape notice. 
Adults are tough and may fly about. Cocoons are nearly impene- 
trable. 

Insects cause incalculable damage to forests, to shade and orna- 
mental trees, to cut timber, and even to finished lumber. By de- 
foliating trees, they retard their growth, weaken them, and sometimes 
kill them. By sucking the sap out of leaves and twigs, they produce 
the same result. By boring into the limbs and trunk, they weaken 
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the tree to a point where it may be wind-thrown, or, even if it 
remains standing, become unfit for lumber. Called vectors, they 
serve as carriers of disease, introducing f imgi and bacteria into parts 
where they normally would not have entered. (The infamous Dutch 
elm disease, for example, is associated with certain bark beetles. ) 

It should not be forgotten, however, that many insects are helpful 
rather than destructive: many assist in pollination, many are preda- 
tors on harmful insects, many are neutral, using the tree merely 
for a perch or shelter. A program calculated to kill all insects 
without knowledge of their kind and function is misguided. 

One-shot sprays are seldom as efiFective as a spraying program. 
On fruit trees, for example, they often result in less fruit than where 
no spraying at all was done. This is because the spray kills all 
the predators, all the “good” insects as well as all the “bad” ones, 
and so permits a second generation of the bad insects to develop free 
from the check of their natural enemies. Destructive insects, such as 
the aphids and various forms of scale, usually reproduce much more 
abundantly and rapidly than do their predators. Henoe if both are 
destroyed at the same time, the destructive insects will reappear 

seasons liave gone by a’ld the balance of nature shall have reasserted 

itself. 

The whole economy of nature is so intricately bound up with 
insects that their sudden destruction would in a few months mean 
the complete disappearance of many plants, most anmials, and, very 
probably, man himself. 

Insects have many natural enemies that under normal conditions 
keep their numbers more or less constant. Among these are other 
insects, birds, reptiles, toads, fishes, some mammals, and some fimgi. 

A certain number of insects is normal. Only under exceptional 
circumstances do they become cpiucuuc. In urban regions, unfor- 
tunately, exceptional circumstances always prevail, since trees are 
always growing under more or less artificial conditions; hence the 
need for artificial control is greater. 

CHEWING INSECTS 

In respect to their methods of feeding, insects are divided into two 
lisses: (1) chewing insects, and (2) sucking insects. 
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Chewing insects are those that actually chew and eat plant tis- 
sue: the leaves usually, but also the flowers, buds, twigs, or even the 
wood. Although their numbers are legion, common examples are 
the tent caterpillar, the potato beetle, the cutworm, the bag- 
worm, the grasshopper, tussock moth, webworm, cankerworm, cod- 
ling moth, leaf roller, leaf miner, sawfly, and so forth. 

Since these insects chew up little bits of plant tissue and take 
them into the stomach, they may be killed premeditatively by 
spraying the plant with a stomach poison, of which arsenate of lead 
has long been the most popular. The object of this spray is to 
deposit a thin coat of poison on all parts of the plant, particularly 
on both lower and upper sides of the leaves, so that when the insects 
eat, they will consume the poison This spray may be applied while 
the insects are attacking the plant or before they invade it. Since it 
does not kill by contact, its effect is apparent only after a lapse of 
time (usually 24 to 48 hours after application). If the insects are not 
eating, as when the bagworms have retired into their bag, the poison 
will have no effect Likewise, if the plants are sprinkled with a hose 
or rained on, the poison will be washed off, and the spraying will 
have to be repeated. 

Although lead arsenate is the most widely used stomach poison, 
there are others, chiefly arsenate of lime, magnesium arsenate, Paris 
green (aceto-arsenite of copper), rotenone, sodium fluoride, and 
pyrethrum. These are sold under a great m&’iy different trade names. 
They should be used strictly according to directions, with particular 
attention to the amount of dilution, the use or non-use of spreaders 
and stickers, the compatibility or non -compatibility with other in- 
gredients, and the temperatnure conditions imder which they should 
be used. Since lead arsenate is poisonous to man as well as to 
insects, it should not be used where there is any possibility of chil- 
dren chewing or eating sprayed leaves or fruits. All Iruits sprayed 
with lead arsenate must be washed off very thoroughly (usually 
with a neutralizing chemical) before being eaten. 

DDT, chlordane, lindane, and mcthoxychlor are new organic 
insecticides which kill both by contact and through the stomach. 
They promise to supplant in large measure most of the older in- 
secticides. DDT in particular has remarkable residual effects. When 
mixed with xylene and triton X-100, it forms a spray so powerful that 
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it will kill or paralyze elm bark beetles witibin a few minutes after 
they land on a twig even though applied as long as ten weeks 
before. (See discussion under Dutch elm disease.) 

SUCKING INSECTS 

Sucking insects are those which, instead of eating the plant, suck 
out its juices by means of a special beak inserted into the tissues of 
leaf, twig, limb, flower, or fruit. Common examples are the aphids 
(plant lice), scale insects, psyllids, mealy bugs, thrips, leaf hoppers, 
and mites. These insects, although tiny, occur in great numbers, 
often causing more damage (shown by discoloration, drooping, 
wilting, or general lack of vigor in the aflFected plant) than the 
chewing insects, whose damage although more conspicuous is not 
necessarily more serious. 

Sucking insects are unaffected by stomach poisons because they 
do not eat the outer surfaces of the sprayed leaves. They must 
be killed by contact poisons — sprays which by directly hitting the 
insect’s body produce death by burning, paralysis, asphyxiation, or 
a combination of these. Obviously, contact poisons must be applied 
when the insects are preset, not before or after; also, since most 
of them have little residual effect, their application must be re- 
peated whenever the insects reappear in considerable number. Ap- 
plication of a contact poison requires even greater thoroughness than 
applications of a stomach poison; as the sucking insects are rela- 
tively stationary, the poison must go to them whereas the chewing 
insects occasionally go to the poison. 

The best-known contact poison for many years has been nicotine 
sulfate, followed closely by rotenone and pyrethmm (which are 
also used as stomach poisons), less closely by lime-sulfur, sulfur 
dusts, potassium sulfide, oil emulsions, and miscible oils. 

Each of these niaterials has its own method of application, its 
own temperature conditions, its own dangers, and its own idiosyn- 
crasies. Manufacturers directions should always be followed exactly; 
even so there are so many details of technique to be followed and 
precautions to be observed that in no case is it a job for an amateur. 

Nicotine sulfate has the advantage of being compatible with 
lead arsenate, so that both may be applied in the same spray in a 
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double-barrelled blast at both sucking and chewing insects. When 
nicotine sulfate is used alone, soap is added as a spreader. When it 
is mixed with lead arsenate, soap must not be used. 

Some of the new organic insecticides are very effective contact 
poisons and are rapidly supplanting, in part at least, the older 
poisons just named. Some of them, such as DDT, chlordane, lindane, 
and methoxychlor, are both contact and stomach poisons, killing 
the insects in two ways. Yet they need to be used with consider- 
able care so as not to damage the plants. Lindane and BHC leave 
unpleasant residual odors and produce off-flavor taste in many fruits 
and vegetables. 

Aldrin and Dieldrin are among the best of these new contact 
insecticides, although caution is still recommended in their use. 
Toxaphene is another excellent contact insecticide, although it has 
been known to produce mild damage on certain plums and avo- 
cados. Malathion, although toxic for warm-blooded animals, is a 
good contact poison which seems to cause only negligible damage 
to plants. HETP, TEPP, and parathion are too dangerous to be 
used near dwellings or by inexperienced operators anywhere. 
Rothane, an analogue of DDT, is a new insecticide which is being 
used by experimenters with good results. 

Red spider, one of the commonest sucking insects, is not a spider 
at all but a tiny mite. Yet by any other name it would be as harm- 
ful, sometimes becoming a serious pest on trees and other plants, 
both deciduous and evergreen. In hot, dry weather it attacks ever- 
greens with particular severity. Leaves become blotched and yellow- 
ish and gradually drop off. The mites may be controlled by washing 
with a strong stream of water or by spraying with lime sulfur, 
rotenone, pyrethrum, tetraethyl pyrophosphate, parathion, mala- 
thion or a proprietary miticide such as Aramite, Ovotran or Dimite. 
Dusting with finely divided sulfur is also effective. 

BORERS 

Some of the most troublesome insects are the wood-borers. There 
are many kinds of these, some small, some large; some attacking 
live wood, some dead wood, some both. 

Like other insects, borers exist in four different forms: egg, larva. 
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pupa, adult As adults, most of them are beetles or moths, often 
quite beautiful and difficult to associate with the eyeless grubs that 
are the larvae. These are usually white, soft-bodied, strong-jawed 
grubs that in some species grow to a size of three or four inches. 
They make excellent fishing worms and form the favorite food of 
nearly all woodpeckers. 

Borers are characterized by the galleries or tunnels they make in 
the woody part of the tree. Each kind of borer makes a certain 
kind of tunnel and hence may be readily identified by his work even 
though he is no longer present, just as a workman may be told by 
his chips. Some borers work in the heartwood, some in the sapwood, 
some in the cambium and inner bark. They eat the wood as they 
tunnel through it, honeycombing it as termites do. Sooner or later 
most of them eat their way to the outside, making a round or nearly 
round opening out of which they eject characteristic frass composed 
of the semi-digested wood that has passed through their alimentary 
canal. 

When they eat the heartwood and sapwood only, th^r damage is 
largely structural, weakening the tree to the point where it may be 
wind-thrown. The secondary eflFects are sometimes as bad or worse, 
for by means of their tunnels other insects and wood-rotting fungi 
gain entrance to the heart'^of the tree. Carpenter ants are very com- 
monly found in borer holes, enlarging their galleries and preventing 
healing. 

When the borers eat the inner bark and cambium directly, they 
destroy the vital parts and may kill the tree in short order. 

The most important borers, according to the damage they do, 
fall into two great classes: the flat-headed ( Buprestidae ) and the 
round-headed (Cerambycidae). In one or more of their many forms 
these borers are found throughout all the United States, attacking 
nearly every kind of tree. Each species has a particular tree or trees 
that it prefers. Moreover, each species prefers its wood in a certain 
condition. On a fallen tree, for example, each part of the log is 
attacked by difiFerent borers: the still living parts by one kind, the 
recently dead parts by another, the dry dead parts by another, the 
moist dead parts by another. 

Methods of entering the tree vary. So do the types of wounds. 
Where the larva bores into the wood from the bark, his timnel 
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usually remains open behind him, and his presence may be de- 
tected by exuded frass and, frequently, sap ooze. But there are 
many other borers that do not make the holes to get into the tree 
but to get out of it They get into the tree in form of an egg, laid 
within the woody tissues by the long, thread-like ovipositor of the 
adult female. The egg hatches into a larva which tunnels about in 
the wood most of its life, finally making an exit hole so that after 
pupation (which occurs within the tunnels) the adult which tire 
larva becomes can escape to the outside world. In many cases the 
•idult itself makes the exit hole. Once outside, the adult mates, the 
female lays an egg in the same or another tree or trees, and the 
cycle is repeated. 

Often the tiny hole made by the adult female’s ovipositor heals 
over, so that there is no way of detecting the presence of these 
borers until they have made their exit holes and gone. In some cases, 
however, the hole made by oviposition gradually enlarges, serving 
as an avenue for the discharge of frass and oozmg sap, which at 
once indicate the larva within. 

Borers, like termites, are useful when they confine their efEorts to 
dead trees or dead parts of live ones. But when they attack living 
trees, as they sometimes do, particularly newly transplanted ones or 
those weakened by environmental damage or disease, they become 
a matter of considerable concern. 

Symptoms 

Borer-infested trees show a gradi'.'il or sudden decline in vigor and 
a thinness of crown. Positive symptoms are circular or elliptical 
holes appearing on the trunk or limbs with exuded frass and some- 
times dripping sap which forms a black or blown stain along the 
bark. 

Very tiny white “worms” often found m infected areas just 
under the bark are not borers. Nor are the holes made by the sap- 
sucker (woodpecker), which many people mistake for borer holes. 
The two may be readily distinguished, however, for the sapsucker 
holes are very shallow and are made in even rows, while the borer 
holes are deep, irregularly located, and almost always made at an 
angle, indicating the tortuous nature of the tunnels underneath. 
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Borers have many natural enemies that help keep their numbers 
in check. Some borers are predaceous on other borers. Certain 
ichneumon flies parasitize borers in their larval stage. Other parasites 
and even diseases afllict them, particularly when their numbers be- 
come epidemic. Perhaps their most active and indefatigable enemy 
is the woodpecker, which with his barbed extensible tongue spears 
them out of their most secret hiding places. 

In the forest we must largely rely on these natural enemies to 
hold the borers in check. But in cities we may practice our own 
methods of control. 

In the first place all dead trees and dead limbs on live trees 
should be removed and destroyed to eliminate breeding places for 
the insects. Cavities should be cleaned out and sealed over for the 
same reason. The trunks and larger limbs of newly transplanted 
trees should be wrapped with special tree-wrap paper to prevent 
egg-laying. Trees weakened by disease or unfavorable environ- 
mental factors should be fed and watered to build up theii^ vigor. 

In the second place, borers where already present may be attacked 
directly. Where their presence is indicated by oozing sap or exuded 
frass, they may be dug out with mallet and chisel. Where their 
tunnels are open, they may often be impaled on the point of a piece 
of wire. Where they cannot be reached mechanically they can be 
killed by squirting carbon disulfide into their tunnels. Where the 
tunnel leads downward, an oil-can can be used to squirt in the chemi- 
cal. Where it leads upward, a wad of cotton moistened in the fumi- 
gant and thrust into the tunnel is easier. In either case the mouth 
of the hole must be plugged up immediatdy afterward, for 
the liquid is so highly volatile that it will dissipate itself into the 
outside air if not sealed in. For plugging, concrete, asphalt, putty, or 
moist earth may be used. Since carbon disulfide is a poison, its 
fumes should not be breathed; since highly inflammable, it should 
not be brought close to fire; since extremely volatile, it must be 
kept in a very tightly closed container. 

Where borers are very numerous, the tree trunk may be painted 
or sprayed with an orthodichlorobenzene emulsion, made by mixing 
12 parts of orthodichlorobenzene with 1 part of fish-oil soap or 
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common laundry soap and 3 parts of soft water. (Hard water may be 
softened by adding one teaspoonful of washing soda to each gallon. ) 
This mixture is then diluted in water at the ratio of 1 to 6. It should 
not be applied to tender branches or to foliage, for it will cause 
burning. 

When borers have afiFected a considerable area of trunk, it is 
sometimes better to trace^ the entire region, cutting away the 
loosened and damaged bark and then painting the exposed wood 
with a solution of cottonseed oil and paradichlorobenzene crystals 
at the rate of 6 ounces lor each quart of oil. 

Adult borers may be discouraged from laying their eggs by spray- 
ing the tree trunks with a 5 per cent solution of DDT at the time 
the adults are active. 

Borers below the soil line (very common in peach trees, for 
example) may be killed by paradichlorobenzene crystals placed in 
loosened soil all around the trunk about 2 inches removed from 
it (but not touching it) and covered with a mound of earth. The 
crystals should be uncovered in about 10 to 14 days. 

Trees particularly subject to borer attack may be protected with 
a fine wire mesh wrapped around the trunk. This discourages egg- 
laying and at the same time prevents emergence of adults from any 
larvae already present. 


ANTS 

Ants arc very frequently found on trees, and one of the commonest 
questions asked the tree expert is: What harm do they do? 

Most of the ants that crawl up and down tree trunks live in 
the ground, not in the tree. They climb in the tree to milk their 
aphid-cows (plant lice) and to transfer them from one leaf to an- 
other as needed. Wherever large numbers of aphids are found on 
the leaves, even of the tallest trees, ants are almost always to be 
found in attendance. Apart from “milking” the aphids and moving 
them about, they have even been observed to defend them against 
their enemies. The relationship is an endlessly interesting one. 
Hence, the harm the ants do is indirect rather than direct. If they 
were not present, doubtless the aphids would be less numerous. 

1 See discussion of tracing in the chapter Cavity Repair. 
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There are other kinds of ants, however, that attack trees directly. 
One of these is the leaf-cutter {Atta texana). These ants, living in 
the ground, cut leaves o£E trees and carry them to their nests. 

Fortunately, these ants are confined to Texas, Louisiana, and other 
southern states, where their damage is severest on slash and long- 
leaf pine. Where given a chance, they will defoliate rose-bushes 
with particular relish. In Mexico and farther south, various species 
of Atta become enormously active. 

Control is by destroying them in their ^lests. This can be done 
by introducing a fumigant, such as carbon disulfide as far down into 
the galleries as possible, by using a funnel and a length of M inch 
rubber tubing. With carbon disulfide, all the entrance holes leading 
to the nest must be stamped shut and kept shut. A chlordane solu- 
tion poured into the tunnels is also very effective. Chlordane dust 
sprinkled around the mouth of the holes is also effective. 

Carpenter ants are large black ants that tuimel into wood, caus- 
ing a minor amount of damage. They attack telephone poles, fence 
posts, structural timbers, cut logs, dead parts on live trees, and 
occasionally live trees themselves. 

They gain entrance into living trees through cavities, unhealed 
stubs, cracked and unpainted pruning cuts, fire scars, etc. They also 
frequently utilize abandoned borer holes, cleaning out and enlarging 
their galleries. 

Wliile carpenter ants do not eat the wood, they tunnel away 
at it to make room for their constantly growing colonies. They 
actually live in the wood, not in the ground. They are harmful in 
that they weaken a tree structurally and provide a potential entrance 
point for other insects and disease-carrying organisms. 

These ants can be killed by injecting into their nests carbon 
disulfide, sodium fluoride, arsenical dusts, kerosene, orthodichloro- 
benzene, or four per cent rotenone. When the nests are small, the 
fumigant carbon disulfide is effective. But where they are large 
and the galleries labryinthine, as they usually are, the fumigants 
are less effective than poisonous powders, such as sodium fluoride 
or rotenone, which may be picked up by the ants' feet and tracked 
to all parts of the colony. 
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TERMITES 

Frequently called “white ants,” termites are distinguished from 
true ants by their white color and thicker waist They are very inter- 
esting social insects that tunnel through wood, actually eating it and 
digesting it by means of certain protozoa in their intestinal tract. 
In our country they are found in most of the eastern and mid- 
western states and all of the southern states, where the problem 
of their control is greatest. 

There are three main kinds of termites: damp-wood, dry-wood, 
and subterranean, named in reverse order of their importance. Hie 
dry-wood and damp-wood termites do not need contact with the 
ground. The most important kind, the subterranean termites, live in 
the ground, preferably moist ground, attacking above-ground wood 
under the shelter of mud tunnels which they build as they go along. 

The role of termites in nature is the destruction of fallen logs, in 
which function they are extremely useful. Sometimes, however, they 
invade dead parts of live trees or rarely the living tree itself. Also, 
not being able to distinguish between finished lumber and fallen 
logs, they attack the wooden parts of houses with such persistency 
that their control (in the South at least) is a major problem. 

In trees termites are most often found in basal cavities. By honey- 
combing the heartwood they may weaken the tree until it is over- 
thrown by the wind or falls under its own weight. From the heart- 
wood they sometimes work into the sapwood and even into the 
bark. Sometimes they gain entrance through borer holes, cracked 
pruning wounds, fire scars, etc. In exceptional cases they build 
their mud tunnels up the outside of a tree 20, 30, or 40 feet to reach 
exposed heartwood in a high cavity. 

While termites in timbers are controlled by the injection of 
poisonous liquids, in trees such methods are not possible. The best 
procedure is to destroy all mud tunnels, clean out and fill all cavities, 
dig away the dirt a short distance from the trunk, and destroy 
dead stumps or other inviting dead wood in the vicinity. It is, of 
course, advisable to destroy the central nest mechanically or chemi- 
cally, although this is usually too wc]l hidden in the groimd to be 
found. 
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PILL-BUGS 

Pill-bugs, or sow-bugs, are tiny crustaceans, related to the cray- 
fish, not insects at all, but often bought to be by those who do not 
stop to count legs. They are found in or near damp, rotting vegeta- 
tion. Particularly prevalent in the South, they do considerable 
damage to young plants. On trees they are often found imder loose 
baric and in cavities, where the combination of darkness and damp- 
ness is ideal for their activities. Like termites, they seem actually to 
eat wood, sometimes even half-rotten boards. They may be tricked 
into eating poison bait or sprayed with various burning and repellent 
solutions. 


BENEFICIAL INSECTS 

Spiders (not truly insects) do no direct harm, although frequently 
found on trees and other plants. Strictly carnivorous, they use the 
plants merely as a place to spin their webs or make their nests. 
Leaves are sometimes rolled up in a curious manner suggesting the 
work of an insect; examination reveals a spider inside, safe within 
his silken nest, waiting for a chance customer. Indeed, by eating 
possibly harmful insects the slider must be considered a definite 
asset. 

The harvestman, or daddy-long-legs, is often found on plants 
and imder loose bark on trees. It does no known harm to plants; 
indeed, it is believed by many naturalists to eat plant lice and 
mosquitoes; hence to be definitely beneficial. 

The praying mantis is one of our most interesting and ferocious 
predators, feeding on live hornets, spiders, grasshoppers, or any- 
thing else that comes within range. It is one of the gardener's most 
loyal friends. All who have seen Edwin Way Tcale’s classic photo- 
graphic sequence of a praying mantis fighting a black widow 
spider will remember it; all who have not seen it should look it 
up immediately.^ In Japan the natives tie the mantis to their 
bedsteads by means of a long, silken leash to defend themselves 
against mosquitoes. 

Ladybird beetles, also called ladybugs and lady beetles, although 

® Grassroot Jungles. 
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celebrated in die nursery rhyme that everybody knows, also 
deserve to be celebrated in a major poem. At least as important 
as Niagara Falls, Mount Everest, the Grand Canyon, or any other 
of the various natural wonders that elicit our admiration, Aey do 
more toward the control of harmful insects than all die insecticides 
man has yet compounded. Indefatigable workers, both as larvae and 
adults, they consume a staggering number of scales and aphids. 
The most notable example is that of the citrus industry in California, 
saved from total destruction by the importation of the modest litde 
lady beetle from Australia with no desire for headlines but an 
enormous appetite for scale. On nearly all trees where scale and 
plant hce are found, these beeties, in one form or another, are also 
found. 


FUMIGATION 

Some insects are killed by fumigation rather than by spraying. 
Commonest fumigants are hydrocyanic acid gas (in the form of 
sodium, potassium, or calcium cyanide), nicotine (in the form of 
liquid, powder, or paper), naphthalene (used as a powder on a 
solid and evaporated slowly over an electric hot-plate or some 
similar heating device), and sulfur. Of these the first is the most 
dangerous to handle, and also perhaps the most effective. 

Materials used to fumigate the soil arc calcium cyanide, para- 
dichlorobenzene, carbon disulfide (sometimes spelled bisulfide), 
ethylene dichloride emulsion, tear gas (chloropicrin), naphthalene 
flakes, dichlorethyl ether, and methyl bromide. Of these the only 
one poisonous to the plants themselves is tear gas, which also 
happens to be the most complete and effective soil fiunigant. 
Wherever it is used, the soil should not be planted until two or 
three weeks later. Each of the substances has a special use, a 
special manner of application, a special dilution, and a special time 
to be used, according to the plague it is desired to control and 
the locality in which it occurs. Manufacturers’ directions should 
be followed; county agents can sonK'limes be of help. 

A special use of fumigants arises in connection with borers in 
tree trunks or limbs. (See section on borer control.) 
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BANDING 

Formerly much practiced, now considerably less so, banding 
is a moderately effective control measure against certain climbing 
insects. It consists of placing a ring or band of sticky material 
around the tree trunk so that insects are trapped in it when they 
attempt to climb up, just as flies are trapped on fly-paper. 

The banding substance is sold under various proprietary names 
in feed and seed stores, department stotes, etc. On trees with 
thick bark it may usually be applied without bad effects, but when 
smeared on young or thin-barked trees it has been observed to 
injure, sometimes kill, them. These bad effects can be obviated by 
first wrapping the trunk with burlap, then applying the material on 
this. 

The band should be 6 or 7 inches wide, and it should be renewed 
from time to time as the bodies of the entrapped insects accumulate 
on it. 

Banding is effective only against insects that climb up from the 
ground, and tlien not more than 50 or 60 per cent. It is, of course, 
valueless against flying insects or those that float tlirougfi the air 
suspended from silken strands or those that pass from the branches 
of one tree to another. 

Whitewashing tree trunks is also an old-time remedy against 
climbing and boring insects. It was formerly very widely practiced 
in this country and is still used to a certain extent. In Mexico it 
is still almost universally applied to fruit trees and valuable orna- 
mental specimens. Whitewash may be made by dissolving 10 pounds 
of lime, Ji pound of salt, and M pound of rice flour in 10 gallons of 
water. Popular belief credits it with the killing of insects in bark 
crevices. Many entomologists, however, believe it valueless. 
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DISEASES 


Disease is often defined as any departure from the normal. This 
definition is inadequate, for it leaves out of account ( 1 ) the many 
departures from the normal which confer benefit on the organism; 
(2) diose departures which neither help nor hinder. In tlie first class 
we have the mutations that have given us many important varieties 
of fruits, vegetables, flowers, etc.; indeed, if there were no “depar- 
tures from the normal,” there would be no evolution. In the second 
class we have those innocent and unexplained modifications of 
structure or physiology which affect the organism neither favorably 
nor unfavorably in its struggle for existence — an imexpected 
difference in texture of bark, color of flowers, shape of leaves, 
habit of growth, etc. The point to be made is that just because 
an organism is different from the normal, it is not necessarily 
diseased. It may be better than the normal, as well as worse. 

A better definition for Jisease is a departure from the normal 
that affects the organism adversely: weakening its structure, 
lessening its vigor, or in some wav crippling it in the battle for 
survival. Indeed, the word “disea.se” carries its meaning within 
itself: it is a state of being “not at ease”, that is, out of equilibrium. 

In referring to animal bodies, we may say that disease is 
accompanied by suffering, but since plants have no nervous system, 
this term cannot be applied to them. We are thus forced to define 
plant disease through its manifestations, which are: (1) the dying 
of tissues, called necrosis; (2) the dwarfing or underdevelopment 
of tissues, called hypoplasia; and (3) the overgrowth of tissues, 
called hypertrophy or hyperplasia. 

Examples of necrosis are dead twigs, dead leaves, dead branches, 
dead bark, dead roots, etc. Examples of hypoplasia are chlorosis, 

1^3 



134 


TREE CARE 


or underdevelopment of the chloroplasts in the leaves; small, nmty 
fruit; stunted twig development, etc. Examples of hypertrophy are 
galls, caused by insects or bacteria; burls, which are tumor-like 
enlargements on trunk or branches; or the leaf-curl diseases, which 
cause enlargement of part or all of the affected leaf. 

In practice it is, of course, more important to recognize a disease 
than to define it. Even the inexperienced can tell a badly diseased 
tree from a healthy one: its general look of stuntedness, lack of 
vigor, sparseness and unhealthy color of leaves are unmistakable. 

Unfortunately, however, trees so noticeably ill are often beyond 
saving. It is much more important, and much more difficult, to detect 
disease just as it is beginning, at tlie stage where it is still con- 
trollable. Apart from obvious cases of necrosis, hypoplasia, and 
hyperplasia, other symptoms that help in detection are the fruiting 
and vegetable bodies of the pathogenic fungi, sometimes quite large, 
such as the fruiting bodies of the shelf fungi, which may reach 
a foot or more in diameter; also the bleeding of affected parts, the 
cracking away of bark, the discoloration of wood, the exudation of 
gum, the emission of odor, etc. 

DLAGNOSIS 

To discover the cause of the trouble and to prescribe the remedy 
are the functions of the diagnostician. The actual application of 
the remedy is the province of the tree-worker, or dendrician, as he 
is sometimes called. In most cases, the diagnostician and worker 
are combined in one individual, particularly in small or medium- 
sized communities where a higher degree of specialization is not 
possible. 

The diagnostician is the most important man of a tree company’s 
personnel. He should have the widest knowledge, the broadest 
experience, and the keenest eye. In many large cities the arborist- 
diagnostician offers a wholly independent service, being equally 
at the disposition of the homeowners and the tree experts but 
bound to neither. More often, such services are given by repre- 
sentatives of local or state governments as city foresters, county 
agents, or state university extension specialists. 

In making the diagnosis the following tools will be found useful: 
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(1) mallet and chisels {% and % inch widths) for probing into 
trunk, limbs, or roots; (2) sharp knife for probing, cutting, and 
slicing; (3) hand shears for clipping o£E twigs and leaves; (4) short- 
handled spade or mattock (army-type) for digging around roots; 
(5) brace-and-bit for testing trunk soundness and bringing out 
core sections; (6) hand lens for examining infected parts. 

With these simple tools, which can easily be carried about in a 
car, most of the on-the-spot diagnoses can be made. In the case 
of obscure fungus or bacterial ^seases, samples of the infected 
tissues should be studied under high-powered microscopes. 

AGENTS OF DISEASE 

Organisms causing diseases may be divided into three categories: 
fungi, bacteria, and viruses. While abnormalities in trees may be 
caused by such factors as lack of water or change of grade, these 
are usually considered environmental effects rather than diseases. 
(See chapter, Environmental Damage and Miscellaneous Troubles.) 

Similarly, insects, in spite of the great damage they often do 
to trees, are not considered agents of disease proper. It is important 
to remember, however, that they are very frequently associated 
with disease, either as carriers (vectors) or as partners in a 
symbiotic relationship. 


Fungi 

Fungi are plants of a simple order which have no chlorophyll and 
are unable to manufacture their own food, being dependent upon 
existing organic matter. 

The kinds of fungi that feed upon only dead plants ( or animals ) 
are called saprophytes. The kinds that feed upon living plants (or 
animals ) are called parasites. Some kinds are both saprophytic and 
parasitic, living on dead tissue until they can contact live tissue. 

Examples of saprophytes are the fungi that bring about the decay 
of old stumps, dead limbs, untreated lumber, etc. Like termites, 
they are beneficial in that they effect a rapid dissolution of dead 
wood which otherwise would cover the earth in a few years. They 



139 


TREE CARE 


are harmful in the sense that they cannot distinguish between wood 
we have discarded and wood we want to save. 

Examples of parasites are the fungi that cause Dutch elm disease, 
powdery mildew, shoe-string root rot, etc. Parasites are legion. 
There are thousands and thousands of different kinds, all so small 
they must be studied under a microscope. Ordinarily they escape 
notice except when the damage they do is serious enough to draw 
public attention to them, and then it is their effects which are 
seen and seldom the organisms themselves. 

These tiny parasites live upon the leaves, stem, fruit, or other 
tissues of the host plant, drawing nourishment from it. They produce 
the various forms of leaf spot, blight, rust, mildew, etc., which are 
economically of such extreme importance, particularly when they 
affect cereal plants or fruit trees. They are so small they cannot 
be dealt with mechanically. Saws, hooks, and shears actually serve 
to propagate these organisms, for tools used first on an infected 
tree and then on a sound one serve as a perfect medium for the 
transmission of disease, unless they are sterilized in between opera- 
tions. 

Fungi are distinguished by their small size, their lack of chloro- 
phyll, their manner of reproduction, and their structure. Although 
usually very small, they are^cften quite complex, sometimes ex- 
isting in two totally different forms: vegetative and reproductive. 
Examined under the microscope, they are seen to be beautiful and 
interesting to a high degree. Some of them, however, grow quite 
large, such as the common toadstools, mushrooms, and shelf fungi, 
which may exceed a foot in breadth. 

Fungi reproduce by means of microscopic spores. Tliese are blown 
by the wind, splashed by water, and carried by insects, birds, 
pruning tools, even on the shoes and clothing of tree workers. 
They enter a healthy tree through wounds or through natural 
openings, such as the Icnticcls of the bark and the stomata of the 
leaves. Some even have the power to penetrate directly the un- 
broken tissue of leaf blades. Once inside the tree, they rapidly 
develop into complex, far-reaching mycelial threads, which digest 
the tree’s tissue as they grow into it. When inside, they cannot 
be affected by any spray applied to the tree’s exterior, except 
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possibly sprays containing a chemotherapeutant which may be 
absorbed and translocated to the infection court. 

Bactebia 

Like fungi, bacteria are tiny plants without chlorophyll. (Some 
scientists believe they are animals.) Unlike fungi, they are all 
one-celled, dividing by simple fission to form two distinct individuals. 
Each of these two divides again to form two more, or foxn: in all. 
Each of the four divides to form eight, etc. Since the division is 
very rapid, it is possible for one bacterium, if unchecked, to pro- 
duce thousands or millions in a comparatively few hours. It is 
the presence of a great number of these tiny organisms in our 
blood stream or in the plant body that causes disease. 

Some bacteria have little tail-like organs (flagella) by means 
of which they move about in a limited fashion when in liquids. 
Bacteria have varying shapes; those that parasitize plants are for 
the most part rod-shaped. 

Bacteria are disseminated much as are fungi — that is, transported 
in the spore stage by wind, water, insects, animals, man. 


ViBUSES 

Viruses are “ultra-microscopic principles”; also sometimes called 
“pathogenic particles,” “infections agents,” etc., which are the only 
terms we can use to describe something we cannot see. 

Viruses are known entirely by what they do. They are so tiny 
that none have been seen except tliiough an electron microscope; 
so tiny that they pass through the pores of die finest filter we can 
make. 

They are responsible for some of our most serious diseases — 
in animals as well as in plants. They cause phloem necrosis in the 
American elms, tobacco mosaic, aster yellows, raspberry leaf curl, 
peach yellows. In man they cause measles, rabies, smallpox, and 
infantile paralysis. 

They overwinter within the tissues of the host plant and can 
be neither controlled nor prevented by spraying. However, since 
they are often associated with insects, and since insects often carry 



138 


TREE CARE 


diseases from one tree to another, it is probable that control of 
insects means partial control of viruses. 

CONTROL 

Tree diseases are controlled by four methods: protection, eradica- 
tion, exclusion, and immunization. 

Protection 

Protection means prevention, and an ounce of prevention is worth 
many pounds of cure. Certain practices will prevent the onset 
of disease. Prominent among these is anticipatory spraying, which 
by killing spores and by covering tree parts with a protective film 
prevents many diseases from taking hold. By killing insect eggs 
as well, the spread of disease by mature insects is also avoided.^ 
Spraying is discussed in a separate chapter. 

Almost equally important is the manipulation of environment to 
make conditions more favorable for the tree, less favorat)le for the 
disease organism, or both. 

Trees growing in good spil and receiving abundant water are 
found to be much more resistant to disease than trees growing in 
less favorable situations. Hence, the best step in protecting a 
tree is to improve the soil and to stabilize the water supply. 

Similarly, when a tree is ill, the one thing usually recommended 
for it is food and water. Clearly, however, the same kinds of 
fertilizer are not recommended for all diseases. Fertilizer high in 
nitrogenous elements will stimulate trees to outgrow certain diseases, 
such as most of the cankers. The same materials, however, will 
make apples, pears, hawthorns, and other trees unduly susceptible 
to the dangerous fire blight; hence the proper fertilizer in this 
case is one low in nitrogen and high in potash and phosphorus. 

Giving the tree plenty of room to grow also increases its vigor. 
Trees with crowded top or impaired root system cannot develop 

^ Dutch elm disease is one of many serious diseases carried by insects from 
tree to tree. 
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properly. Sunlight and air should be allowed to enter as freely 
as possible. 

Proper pruning increases the tree’s resistance to disease. Every 
dead or diseased limb removed prevents contamination of the 
others. Removal of rubbing, overlapping limbs prevents the forma- 
tion of bark wounds. Cutting off jagged stubs closes the door in the 
face of the enemy. Most fungus spores need to be kept moist for 
several hours before germinating. The proper opening up of the 
tree’s center and the judicious thinning of too heavy a top allows 
the sunlight to enter and provides for quick drying of wet branches. 

Even cabling may be considered a disease preventive measure, 
since by preventing breakage of limbs and tearing of bark, it 
helps preserve an undamaged bark surface. 

In short, anything tliat contributes to keep the tree in high vigor 
or to keep it structurally intact is a method of disease prevention. 

Eradication 

Eradication means the elimination of diseased parts. It involves 
the simple sanitary practices ot sweeping up and burning diseased 
leaves, twigs, fruits, etc.; the pruning out of dead and diseased 
branches, and the removal of incurably diseased trees. It also 
involves cavity repair, treatment of cankers, and other surgical 
measures. It further involves spraying where disease organisms are 
already present. Such spi. ys are usually dormant or delayed 
dormant directed at pathogenic spores (such as those causing 
leaf blisters and anthracnose) which overwinter in bud scales and 
on twigs. 

Programs of eradication, particularly aimed at removal and 
destruction of the entire tree, are carried out continuously by the 
United States Department of Agriculture. An excellent example of 
such a program is the eradication campaign waged against the 
European larch canker (caused by the fungus Dasyscypha 
willkommi). This campaign, begun in has resulted in the 

destruction of more than 3,700 diseased larches, thus preventing the 
spread of the disease to our native stands. 

Another form of eradication involves the eradication of alternate 
hosts. An alternative host is a plant (tree, shrub, or smaller plant) 
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which is as necessary in the life cycle of the pathogen as the tree 
one desires to save. For example, apple trees are attacked by the 
cedar-apple rust. The fungus causing the disease spends part 
of its life on the apple and part on Juniperus virginiam, the red 
cedar. Destruction of all nearby junipers will save the apples. 
Hence some apple-producing states have a law to that effect. 

It is obvious that eradication and prevention overlap in many 
respects. 


Exclusion 

Exclusion (actually a form of prevention) is quarantine. It means 
that plants from an infected area will not be allowed to pass out 
into other areas. It is obviously effective, although very difBcult 
to enforce. 

Many of our tree diseases (and insects) have been imported 
with logs and lumber. Had exclusion been enforced, we would not 
now have tliese diseases. Sometimes apparently innocent orna- 
mental plants are carriers of pathogens that later attadc trees. 

Quarantine is made harder to enforce because of insects and 
birds, which carry pathogens from one place to another. However, 
in many cases strict vigilanc^ has proved effective. To be of value, 
exclusion must be 100 per cent. In Mexico the black-fly citrus 
infestation of 1949-1954 was spread aU over that country in spite 
of innumerable quarantine stations because of the slackness of 
inspection. It was prevented from entering our country only by 
very rigid controls all along the border. 

Immunization 

Immunization means two things: (1) the development of disease- 
resistant strains of plants so that they may be planted in infected 
areas with impunity; and (2) the use of chemical compounds that 
act inside the plant to increase its resistance to disease. Until very re- 
cently the word was used only in the first sense because direct 
chemotherapy, although long a theoretic possibility, had stubbornly 
refused to become fact. 
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(1) Development of Resistani Strains 

Even in the sense of disease-resistant strains, progress has not 
been very rapid. Although a considerable amount of work has been 
done in this connection with cereal plants, such as wheat, oats, and 
others, unfortunately little has been done with trees. The United 
States Department of Agriculture has been active in discovering 
trees naturally immune to certain diseases and in extending them 
into infected regions, but programs in actually breeding resistant 
strains which hitherto did not exist have been very slow. 

Immune varieties are often not so desirable in some other respects, 
such as size, beauty, shape, etc., as the susceptible varieties. Also, 
of course, while immune to a given disease, they may turn out to 
be highly susceptible to another disease as bad or worse. Yet the 
use of naturally immune trees or the development of new strains 
of immune ones is often the only recourse in the case of un- 
controllable diseases. The most striking example of this is the 
almost complete destruction of the American chestnut by blight 
and its gradual replacement by the less desirable, but more resistant, 
Asiatic chestnuts. 


(2) Use of Chemical Compounds 

A provocative word in tree care today is chemotherapy. Meaning 
simply “curing with cheminls,” chemotherapy is not a new idea, 
but the recent developments of it arc different from anything 
that has ever been done before. Although work in this science 
is just beginning, its progress is undeniable, and its promise 
is enormous. There is hope that trees affected by certam diseases 
which only a very few years ago were incurable may soon be 
saved by treatment with the proper chemicals. In fact, commercial 
work is now being done in this field on an experimental basis. 

Curing with chemicals actually occurs every time a pruning 
cut is painted with wound dressing. It occurs every time leaves are 
sprayed with copper sulfate and every time roses are dusted with 
sulfur. Nevertheless, plant chemotherapy, as used today, has been 
given a new and sharp definition: 'The control of plant disease by 
compounds that, through their effect upon the host or pathogen. 
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reduce or nullify the effect of the pathogen after it has entered the 
plant. (Italics the authors.) Thus the use of chemicals as ex- 
ternal protectants is excluded from the definition. 

A chemical compound that enters a plant ( 1 ) through the leaves 
by spraying, (2) through the trunk by injection, or (3) through the 
roots by application to the soil, and is translocated internally to the 
locus of infection or potential infection where it exercises a thera- 
peutic action is called a chemotherapeutont. In contrast, a chemical 
compound which acts on a pathogen before it has entered the host 
is called merely a chemical compound (also protectant). 

Research workers have long been intrigued by the possibility of 
artificially giving a plant body chemical immunity to disease. If 
the animal body can be immunized, why not the plant body? The 
question, although a bold one, was well within the limits of theoretic 
feasibility, but the practical dilficulties in the search for an answer 
were staggering. For many years attempts were made to immunize 
the chestnut against chestnut blight {Endothia parasitica) and 
the elm trees against Dutch elm disease. Many cures were reported, 
but none were verified. Research workers did not despai*t however, 
actively continuing to work on the project at the Connecticut 
and Rhode Island Agricultural Experiment Stations and later at 
other laboratories. As result^K gradually accumulated, chemotherapy 
ceased to be an ambition and became a fact. 

On trees proper the first positive chemotherapeutic results were 
obtained by Howard against the bleeding canker disease of hard 
maples, and by Stoddard against the X disease of peaches. The work 
of these men showed for the first time that trees, like animals, 
could be made immune to diseases. Extensive and promising 
experiments have also been conducted against Dutch elm disease. 

Although the exact mechanism or mechanisms by which chemo- 
therapeutants produce their effects arc not fully known, three modes 
of action have been described. The first is by counteracting the 
toxin produced by the pathogenic organism. The second is by 
acting directly on the pathogenic organism, destroying it or 
greatly reducing its numbers. Such a chemotherapeulant is called 
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a systemic fungicide. The third is by altering the metabolism of the 
host in such a way that its resistance to the invading pathogens is 
increased. For example, the Verticillium wilt that affects hops and 
tomatoes may be reduced considerably in severity by reducing the 
amount of nitrogen supplied to the plants. Fire blight of pears and 
other fruit trees is similarly reduced by withholding nitrogen. 

As yet no chemotherapeutant has been discovered that renders 
a plant permanently resistant to disease. To give a plant permanent 
protection, treatment needs to be repeated at regularly defined 
intervals. 

It is believed by many that increased knowledge of toxins and of 
compounds occurring naturally in plants will make it possible 
someday to prescribe a specific chemotherapeutant for every 
disease. 


Antibiotics 

Antibiotics may be considered as a separate category, or they 
may be considered as special kinds of chemotherapeutants. In their 
method of application, in the way tliey are absorbed, and in their 
effects, they are for practical purposes identical with chemo- 
therapeutants. In their origin they are different, deriving from 
mieroorganisms found in the soil. 

The discovery of penicillin focused tlie attention of the world on 
the importance of soil microflora. From the humblest of created 
things, from molds growing in the dirt under our feet, have come 
discoveries revolutionizing medicine. Stemming from the same 
source, somewhat the same kind of revolution seems to be 
impending for plant pathology. Since 1942 more than .‘1,500 anti- 
biotic materials have been isolated and tested, chiefly for use 
in human medicine. Of these, fewer than ten have been tested 
extensively for agricultural use, but from these comparatively few 
materials some very startling results have developed. The present 
uses, limited as they are, arouse hopes nf a future time when disease 
may be almost entirely eliminated. 

While chemotherapeutants proper have been found effective 
chiefly against fungi, antibiotics are effective against bacteria. 
Some kinds of antibiotics, such as antimycin, are effective against 
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fungi Other kinds, such as endomycin, are both antifungal and anti- 
bacterial. 

Antibiotic materials are used in quantities so small that a new 
kind of spray terminology must be employed. Instead of so many 
pounds per hundred gallons of water, it is necessary to speak of parts 
per million (p.p.m.). An ounce and a half of antibiotic material 
dissolved in 100 gallons of water gives a solution containing 100 
p.p.m. In some cases the proportion is reduced to the almost 
unbelievable figure of 1 p.p.m. 

Most antibiotic materials are sprayed onto the foliage. Others, 
such as terramycin applied 4:0 peach trees for control of bacterial 
leaf spot, are injected into the trunk. Materials are absorbed and 
translocated to the site of the infection or potential infection; 
hence they are systemic. Antibiotics applied to the soil have yielded 
negative results: apparently the materials are destroyed or modified 
before they can be picked up by the roots and translocated. 

Good results have been obtained by applications of streptomycin 
and mixtures of streptomycin and terramycin against blight infec- 
tions of apples and pears. Streptomycin has also been used against 
the walnut blight organism. Cycloheximide (Actidione), a by- 
product of streptomycin fermentation, has proved effective for the 
control of cherry leaf -spot -'fungus. It has also been found to 
inhibit teliospore formation when applied to cedar-apple galls at 
100 p.p.m. 

It should not be supposed that all results are positive. Many 
antibiotics prove ineffective or actually harmftil. Certain materials 
injure the leaves, others produce cracked or discolored fruits. Many 
otiierwise beneficial materials may be ineffective or phytotoxic in 
improper concentrations. 

It is not yet known whether the therapeutic effects are the 
result of changes induced in the host plant or the result of an 
accumulation of enough antibiotic materials in the tissues of the 
host to prevent the pathogenic bacteria from developing. 

The duration of therapeutic effects varies according to the 
disease involved. Experiments with pear blight indicate that the 
effect did not last as long as 14 days when lower concentrations of 
antibiotic mixtures were used. On the other hand, the terramycin 
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experiments with peach trees gave control throughout the entire 
season. 

Absorption of antibiotic materials through the foliage is not 
immediate. Rain falling within a few hours after spray application 
nullifies or weakens absorption. On the other hand, rain after 24 
hours have elapsed has little or no effect. 

Experiments are being carried on to determine the effect of 
antibiotic materials when they are mixed with (1) fungicides, (2) 
hormones, (3) cuticle solvents. 

The price of antibiotic materials for plants is surprisingly low 
and will doubtlessly go lower as production in mass lots increases. 
It has been calculated that a tree may be sprayed three times at 
the rate of five gallons a time for a total cost of fifty cents. 

COMMON DISEASES 

Some of the commonest and most widely spread diseases are 
discussed in the pages that follow. 


Vascular Diseases (Wilts) 

Vascular diseases are so called because the part of the tree 
directly affected is its vascular system, that is, its sap-conducting 
vessels. The various kinds of fungi which cause these diseases gain 
entiance into the sapwood through wounds in the roots, branches, 
or trunk. They can extend themselves sufiBcicntly in the sapwood 
to clog up the vessels, preventing sap from rising above that 
point and thus causing the branche.s immediately above to wilt. 
This wilting and curling of foliage is the first indication of the 
presence of the disease; it is so pronounced that "wilt disease” is 
often a term preferred to “vascular disease”. Although wilting may 
occur generally throughout the tree, it more often occurs differen- 
tially, directly above and on the same side as the infected wound. 

Various kinds of trees are affected by wilt. Others are immune. 
The kind of fungus that attacks one tree does not necessarily attack 
another kind. Probably the best-known example of wilt is the 
Dutch elm disease (so called because the disease was first identified 
in Holland in 1919). 
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Plate 15. TREES IN NEED OF CABLING. Left: This V-shaped crotch may 
split in a wind. One cable installed above the crotch will insure against loss. 
Right: Both bracing and cabling are needed here, for day by day the split pro- 
gresses. Transverse rods through the split portion and one or more cables up in 
the limbs will save this tree. Without care it is doomed, for the constant move- 
ment of the separated parts prevents their natural reunion. 




Plate 16 WRONG TYPES OF BRA( ES Uppci Icfi Wooden slats soon decay, 
leaving cables to cut into the tree Upper right Iron straps temporal il\ expedient, 
eventualb kill tiees by sti angulation Loucr left This is better since the limbs 
arc not completeh encircled But Plate 17A shows a moie correct method using 
lag screw hooks Lower right This tree soon died, as the un)ielding iron band 
cut into its circumference. 



Plate 17B Lrfi \fitical suppoit lor a tiet growing almost hori/ontall\ over a 
swimming pool The ciadlc obviates the need ior encirrling bands, nails, hooks 
01 wiies Coiieet calilmg The hook is sciewed all the wa> down so that 

Its nntliieaded c^nd is against the baik pie venting the cable from slipping when 
slack Tlie axis of the liook is parallel to the axis of the cable for maximum 
strength 



Plate J8B Spra\ing a doiinant ticc protects it hoin insects This is best clone by a 
commercial oigani/ation able to reach all parts of the tree mechanically. (Courtesy 
F. A. Bartlett Tree Expert Co ) 






DISEASES 


wood carelessly stored may 
sfa^tiBha^<|| |>^^ dassi0ed as sanitatton. 

cair^ on by federal and state ageo^ ip 
gp v mpBiftitt*jto,a3k^ &e lines of breeding for natural 
to ‘(Itliaaii^li^ ^testing chemit^ which might indoof 
re8istl|j^l4 ^ present tune no successful chemic^ 

(las «lf}mr for protection car cure, aUhoo^ unif^gtl^^ 

*ceaeir cca^itni0 be texted with great regularity. 

VertidUium WUt 

tn additi<m to the Dutch elm disease, D<;4hlore]la wilt and 
Vmticillium wilt also attack elms. The symptoms axe similar, the 
a0eet less severe. 

The Verticillium wilt occurs on other trees as well, pfofieularly 
on maple. Nearly every kind id ma^e is susceptible, aHItm^ the 
Norway and sugar maples are the most frequently attadtod. 

The symptoms show up as sudden wilting of foliage on ope or 
several limbs, followed by a gradual extmsion to ot^ braimbes. 
Slime flux often oozes from cradcs m the bade. Bri^t green Stxeak$> 
gradually turning bluish-bladk and brown, appeax in reoctady 
infected sapwood. 

The causative fungus is believed to enter the tree through wounds 
in roots, trunks, or branches. It is probably transmitted ficom a 
diseased to a healthy tree by union of the roots. It is known to 
remain in the soil where infected trees have been removed for a long 
enough time to make replanting inadvisable. In cases where 
replanting of the same kind of tree is insisted on, disinfection of the 
soil with formaldehyde several weeks before is helpful, althou^ not 
infallible. 

Recovery of trees — ^particularly Norway maples — ^from mild cases 
of wilt has been effected by pruning of affected limbs and heavy 
a{^catoms of nitrogenous fertilizer The fertilizer stimulates the 
xapiii ^ layers of sapwood, which seal in the to* 

ttmeh between an infected and a healtiiy tree some' 
tfanes ^jP I^ ^ couiamination. 
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Mimosa Wilt 

Another example of wilt is that attacking the beautiful mimosa 
tree {Albizzia jiMbrissin) (also called “silktree” and “silky acacia"), 
so widely used as an ornamental in our southern states. 

First observed in 1930 in Tryon, North Carolina, the disease 
has spread rapidly since then through most of North Carolina; into 
Virginia, South Carolina, Georgia, and other southern states. It 
was also reported as epidemic in southern Russia in 1920, and a 
very similar disease of tiie same tree has been observed on nursery 
stock in Japan. 

The symptoms are sudden wilting of foliage, death of afiFected 
leaves and branches, discoloration of sapwood (usually in current 
annual ring), and finally death of the entire tree. The causative 
fungus is Fusatium pemiciosum, believed to be soil-borne. 

No control is known. In regions where the disease occurs, no 
mimosa trees should be planted. Infected trees should be removed 
and biumed. 


Oak Wilt 

As serious for the oaks the Dutch elm disease is for the Ameri- 
can elms, the oak wilt came into prominence about seven years ago, 
spreading rapidly through the midwestem states and threatening 
until very recently the total annihilation of oaks in that area. 

A typical vascular disease, the wilt is caused by a fungus, Chalara 
quercina, which grows in the sapwood. All species of oak naturally 
occurring in the Midwest are susceptible to the disease. In addition, 
other kinds of oaks not found in this area (such as the southern 
live oak) have been proved susceptible to the disease when inocu- 
lated under laboratory conditions. So far as is known, the pathogen 
does not attack any other kind of plant except oaks. 

Although s)nnptoms vary with the kind of oak attacked, in gen- 
eral they follow the characteristic pattern: wilting and curling of 
leaves with their eventual death, leaves either falling ofiF or clinging 
on; difiFuse or streaked discoloration in the cambium, showing up as 
longitudinal streaks when the bark is peeled off a small branch. In a 
cross section of a diseased twig or branch a brown ring or series 
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of brown spots may be se^ in the outer sapwood; these are the 
mycelium of the fungus, growing in the sapwood and clogging up 
the water-conducting vessels. 

Transmission of the fungus is believed to occur (1) by insects 
(2) possibly by birds and animals; (3) by root grafts (very common 
among oaks in a wild state). Fungus placed experimentally on bark 
wounds has been observed to infect a healthy tree, while fungus 
placed on uninjured bark produces no efiFect. 

The disease has been controlled locally by eradicatory measures: 
felling and burning diseased trees and adjacent healthy ones; poison- 
ing healthy trees along the border of infected areas; plowing deeply 
along the margin of infected areas in order to sever any root grafts. 
Spraying with benzene hexachloride for control of wound-inhabiting 
beetles and flies reduces the number of vectors. Tlie fungicide 
pentachlorophenol may be mixed with the insecticide to help check 
the development of the fruiting bodies of the fungus. Very recent 
methods are the aerial spraying of infected areas and direct cbemical 
injection of diseased trees. Although still in the experimental stage, 
this work is highly promising. 

Red and black oaks die more rapidly than white oals. Diseased 
white oaks can sometimes be saved by pruning out affected limbs. 
In regions where the disease is known to occur, pruning of healthy 
trees should not be done in early spring since the bleeding of prun- 
ing cuts which sometimes follows at that time attracts insects which 
may have just come from diseased trees, bearing with them spores 
of the fungus. 

It is now known that the causative fungus will not live in iBnished 
liunber made from infected timber, nor will the fungus itself 
weaken or deteriorate the timber even though it kills the tree. 
Diseased trees, however, should be salvaged as soon as possible 
to prevent deterioration from ordinary wood-rotting fungi. 

Leaf Diseases 

Many diseases attack the leaves alone, without affecting woody 
parts and without entering the vascular system. These are much 
less serious th^n root rot, phloem necrosis, wilts, cankers, etc., but 
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they often shaiply retard the growth of the tre^ lower its vigor and 
consequently pave the way for the inception of a worse disease. 

Leaf diseases are caused by bacteria or fungi, which are trans- 
ported in the spore stage by wind, water, and insects. They may 
grow entirely on the surface of the leaves, or they may penetrate 
the mner tissues and draw out the juices with little sucking organs. 
They spread most during hot, humid weather when little wind is 
blowing to dry the plants. They overwinter in dead leaves and 
fruit, in cracks along the bark, and in tiny crevices in the ground. 

Samtation, meaning the immediate removal and burning of dead 
leaves, twigs, branches, and fruits, is important in their control. 
Preventive spraying is equally important. Some of the commonest 
kinds are discussed below 


Leaf Spots 

Leaf spots are irregularly shaped spots or marks of discolored 
or dead tissue on the leaf caused by many difFerent kinds of fungi. 
When the area involved is large with indefinite margins, the disease 
is sometimes called ‘Tjlight” or “blotch.” Leaf spots usually have a 
dead center of one color surrounded by a dying area of another 
color. Small black dots on a jpot are fruiting bodies of the fungus; 
their absence may mean that they have not yet formed, or it may 
mean that the spot is of bacterial rather than fungus origin. 

Leaf spots are ordinarily of little importance. A certain number 
occur on aU trees at all times. It is only when this number becomes 
excessive that harm may be done. Under exceptional circumstances 
they may cause entire defoliation, thus lessening the resistance of the 
tree to other diseases. 

Whenever it is possible to separate spotted leaves from the others, 
they should be swept up and burned. If added to the compost heap, 
they constitute a source of inoculum for the following year. 

Spraying with Bordeaux mixture in the spring as the leaves un- 
fold is a preventive. Sometimes several subsequent sprayings are 
necessary. Sulfur sprays and dusts and copper-lime dust are also 
used. Captan is a new fungicide that has been found efiEecdve. 
Control of spots is usually more important on fruit trees than on 
shade trees. 
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Sooty Molds 

Sooty molds, or sooty fungi, cover the leaves of many plants with 
a black, sooty coating during midsummer. The causative fungi are 
closely related to the powdered mildews but distinguished from 
them by having dark-colored myceliiun instead of white. 

Rather than invading the inner tissues of the leaf, these fungi 
grow along the surface, feeding on sugary exudations from the 
plant or on secretions from attacking insects, principally plant lice 
(aphids) and white fly. Hence they are not parasitic, although they 
may harm the plant by shutting out sunlight and preventing photo- 
synthesis, just as soot from factories does. 

Where serious, the molds can be washed off by a strong stream 
of water, rubbed off by hand (on small plants), or sprayed with 
Bordeaux mixture or dritomic sulfur. Simultaneous spraying for 
control of the accompanying insects is also necessary. 


Powdery Mildew 

Powdery mildew is much like sooty molds, except that it forms 
a white covering over the leaves, rather than a black one, and it 
actually penetrates the leaf tissues with root-like sucking organs. 

It is more common on small plants, such as roses, phlox, lilac, 
and crape myrtle, than on trees, although under exceptional condi- 
tions it may occur on these. It causes curling, dwarfing, and death 
of young, succulent growth, but seldom affects older leaves. 

Spores are wind borne. Preventive spraying with dritomic sulfur 
or dusting with fine sulfur will give easy control. Raking and burn- 
ing leaves in the fall is also recommended. 

Scab Fungus 

Scab fungus is a serious disease of fruit trees, particularly apples, 
and a disease of lesser severity on some shade trees, particularly 
willows, in certain parts of the country. It produces definite, nearly 
circular, slightly raised lesions on the underside of leaves, particu- 
larly along Ae veins and midrib; sometimes also on fruits and twigs. 
On the apple it may cause loss of from 50 to 100 per cent of the crop. 
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and by injuring the leaves it reduces the possibility of next year’s 
crop. 

The fungus overwinters on dead and injured twigs and in shed 
leaves and shed fruits. In the spring the spores are carried by the 
wind to the developing leaves. 

Where serious the disease needs a more or less continuous pro- 
gram of spraying: an application of Bordeaux mixture or dry lime- 
sulfur just as the leaf buds are opening and successive sprayings as 
needed to prevent secondary infection. Burning of diseased leaves, 
twigs, and fruits is essential. 


Leaf Cast 

Leaf cast of conifers (also called needle cast and leaf browning) 
attacks such conifers as pine, fir, spruce, larch, juniper, and hemlock. 
It is caused by several different kinds of fungi, each one usually 
partial to a certain kind of tree. This trouble has been confined to 
forested areas, doing little damage to the coniferous ornamentals. 

Yellow or brown spots or bands form on the needles,*followed 
by the fruiting bodies in the form of black pustules. The entire 
leaf gradually browns and falls off. Even small twigs may be killed. 
In some cases only the current growth is attacked; in other cases 
it is the older growth that is infected. Spraying with Bordeaux 
mixture is recommended. Young trees seem to be more susceptible 
to infection than older ones. 


Root Diseases 

Some of the most difficult diseases to diagnose and to control are 
those that attack a tree’s roots. Since these develop mostly under- 
ground, they are usually not noticed until they have become well 
established. Treatment is naturally more difficult, owing to die prob- 
lem of excavating large amounts of soil and of discovering aU in- 
fected root areas. 


Cotton Root Rot 

In the Southwest probably the most serious root disease is cotton 
root rot. (Also called Texas root rot and Phymatotrichum root rot.) 
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This is caused by a soil-inhabiting fungus (Thymatotrichum otnni- 
vorum), which gets its common name for its frequent attacks on 
cotton and its specific scientific name for its omnivorous ability to 
attack over 1,700 known other plants. Only the monocotyledons and 
some of the crucifers, mints, and verbenas are known to be immune. 

Infected plants suddenly turn yellow, wilt, and die. If the infection 
is noticed in time, the plants may sometimes be saved by heavy 
applications of ammonium sulfate to the soil. But once the Section 
has progressed past a certain point, remedies are unavailing. 

The fungus spends most of its time under ground, overwintering in 
the form of sclerotia. During periods of abundant summer rains, 
masses of fungus mycelium may appear on top of the ground. 

Soil can be disinfected with formaldehyde or carbon disulphide 
although these should not be used in the vicinity of growing plants. 

Shoe-string Root Rot 

Another very serious root disease spread more generally over 
the country is shoe-string root rot. (Also called crown rot, mushroom 
rot, and Armillaria rot.) Almost as omnivorous as cotton root rot, 
this disease is known to attack oaks and maples principally; birch, 
black locust, apple, larch, chestnut, mountain ash, pine, spruce, 
poplar, and sycamore less frequently. 

The causative organism is the fungus Armillaria mellea, which 
has the quality of being either parasite or saprophyte as conditions 
demand. This means that it may hve on dead stumps and dead roots, 
or it may attack directly a living tree. Spores of the fungus gain 
entrance into a live tree through wounds in roots or in lower trunk. 
Once the mycelium has developed ( either on a live tree or on a dead 
stump), it sends out long, black strands (“shoe-strings”) that grow 
through the soil to contact healthy roots of adjacent trees, penetrat- 
ing and infecting them. Thus the fungus rapidly extends itself, 
traveling through the air by wind-borne spores and through the 
ground by the black, snaky strands. Caught by this two-fold attack, 
whole stands of trees are sometimes wiped out. 

Symptoms are difiBcult to distinguish from symptoms of other 
diseases, particularly from those of illuminating gas injury. In cases 
where the progress of the disease is rapid, the leaves wilt suddenly 
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and become dry. Where the progress is slower, the whole top shows 
a decline in vigor, the foliage becoming scanty and the branches 
dying one by one. 

The surest diagnosis is made by examining the main roots or 
tiie base of the trunk at the soil line or just under it. Where the 
disease is suspected, the bark should be cut away. If the fungus is 
present, it will appear as a felt-like white mass closely appressed 
to the sapwood. \^ere the tree is afEected on one side only, the 
fungus will be found on that side. Wherd the entire top has died, 
the fungus will be found in complete encirclement. 

When the disease has gained a good start, the tree usually cannot 
be saved. If the diseased roots are few, they should be cut back to 
sound wood, the afFected region of trunk chiseled and scraped back 
to healthy tissue, and all cut surfaces shellacked and painted with 
an antiseptic wound dressing. Soil should be dug away from the 
afEected area to allow free entrance of sun and air. The tree should 
be abundantly fed and watered. To reduce the possibility of further 
spore infection, the mature fruiting bodies (appearing as honey- 
colored mushrooms) should be destroyed, although in city condi- 
tions they rarely appear. 

Badly diseased and dead trees — including as much of the root 
system as possible — should b§ removed and burned. If another tree 
is to be planted in the same hole, tlie soil should be thoroughly 
sterilized with formaldehyde or carbon disulfide, or, better still, dug 
out cmd replaced. 

To prevent underground attack from the fungus strands, a cir- 
cular trench one foot wide and two feet deep should be dug around 
the infected tree. All roots within the trench — botli from the diseased 
tree and the nearby healthy ones — should be cut oflF and painted 
over. 

Fortunately the disease does not ordinarily attack trees in high 
vigor. Those weakened by fill, lack of water, lack of food, insect 
depredations, or any other cause are its chosen victims. Hence the 
best preventive measure is the maintenance of vigor by prudent care 
and adequate feeding and watering. 

Recent work by the Connecticut Agricultural Experiment Station 
shows that phenyl mercury acetate applied to the soil (at the same 
strength usually recommended as a leaf spray) will in some c^es 
control Armillaria rot. 
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Phloem Necrosis 

Phloem necrosis is a very serious virus disease that injures or kills 
the bark and consequently the tree itself. In the last twenty years it 
has caused severe losses among the American elms in the central 
and lower Ohio River watershed. The disease was first identified as 
a virus disease in 1938, although reports indicate that it was preva- 
lent in parts of Indiana, Illinois, and Kentucky for many years before 
this date. 

Symptoms are first noticed as a thinning and yellowing of foliage. 
Leaves curl upward along the edges, making them seem narrower 
and making prominent their lighter-colored under surface. Gradu- 
ally the leaves turn from yellow to brown and then fall off or hang 
on in small dry bunches. 

Positive diagnosis can be made by examining the phloem (inner 
bark ) and cambium. Tlie phloem shows characteristic discoloration: 
yellow or golden, flecked by brown or black specks, later turning 
dark brown and necrotic. 

Moderately discolored phloem possesses a faint odor of winter- 
green, which may be more readily observed by enclosing a small 
piece for a short time in a stoppered container. The discoloration 
and wintergreen odor of the phloem are unknown in any other tree 
disease. The affected pldoem is usually found in the root buttresses 
and lower trunk, less commonly in higher trunk and branches. 

No cure or control of phloem necrosis is known. Perhaps resistant 
strains of trees can be developed. Until that time comes, no elms 
should be planted in areas where the disease occurs. In other areas 
it is not wise to plant elms — or any other tree — in exclusive stands, 
for an epidemic will destroy all. The planting of as many different 
kinds of trees as possible is highly advisable. 

Antoracnose 

Anthracnose (also known as “blight”) is a leaf and twig disease, 
caused by various kinds of fungi ( most of which belong to the genus 
Gloeosporium). Among the many different kinds of trees attacked 
are maple, sycamore, ash, elms, poplar, walnut, butternut, hickory, 
linden, willow, borsechestnut, beech, oaks, cherry, and plum. Usu- 
ally each kind of fimgus has a preference for a certain kind of 
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tree, al&ough all produce nearly identical symptoms. The disease 
is especially severe on sycamores. 

The symptoms show up as brown, reddish-brown, or purple spots 
on the leaves, particularly along and between veins. The spots gradu- 
ally extend until they coalesce; then the leaf turns brown and falls 
off. Twigs are also attacked, particularly on the sycamore. Small 
cankers form, gradually enlarging until they girdle the twigs. Above 
the affected area the twig and its leaves die. Diseased trees show 
many of these dead twig tips, contrasting sharply with adjacent 
healthy foliage. Later as the disease spreads, the whole top becomes 
brown. 

In severe cases the tree may be entirely defoliated. If the tree has 
strong recuperative power, new leaves come out, but they too may 
be destroyed by secondary infection. Repeated defoliations and ex- 
tensive twig die-back disfigure the tree and weaken it to the point 
where insects or other diseases may find it easy prey. Mild cases 
usually need no control. Severe cases should be attended to. 

Control is by spraying and sanitation. Since the fungus over- 
winters in fallen leaves and twigs, these should be rak<^ up and 
burned. Infected twigs that do not fall off should be pruned off and 
burned. In the Soudi the fungus also overwinters in the spore stage 
on dormant buds. These maybe disinfected by a dormant spray com- 
posed of one part of lime-sulfur diluted in ten parts of water. 

To prevent infection from neighboring trees, the leaves should be 
sprayed just as they first appear with a copper sulfate solution, or 
organic mercury formulations. Where epidemics are present, they 
should be re-sprayed with the same solution every 10 to 14 days, 
according to conditions. The disease is worse during periods of cool, 
rainy weather. 

A badly infected tree should be fed and watered hberally to help 
it make a rapid recovery. 


Witches’ Broom 

Witches’ broom is so called because its chief symptom is the 
production of many small, closely bunched adventitious branchlets 
at or near the tips of twigs. It is a disease caused by such different 
dungs as viruses, fungi, mites, and dwarf mistletoe. 
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It is known to occur chiefly on hackberry and larch, less commonly 
on serviceberry, honey locust, hickory, birch, butternut pine, fir, 
spruce, and hemlock. 

Damage is ordinarily small. The buds that give rise to the deforma- 
tion are infected at varying times, so that control by spraying is very 
difficult. Pruning off the infected area down to sound wood is the 
only recommended procedure. 


Fire Blight 

Fire blight is known to every orchardist as one of the most trouble- 
some diseases of apple, pear, and quince. Less well known is the 
fact that it also attacks many ornamental trees and shrubs, particu- 
larly those of the Rose family. It has been found on English haw- 
thorn, mountain ash, flowering plum, flowering quince, cotoneaster, 
cockspur thorn, pyracantha, serviceberry, Christmas berry, rose, 
spirea, and others. 

The disease makes itself known by a sudden browning or blacking 
of flowers and leaves near the twig tips, making the tree look as if 
scorched by fire, whence the name. The twigs, and occasionally 
larger branches, die. Sometimes large cankers develop on main limbs 
or trunk, in which the pathogenic organisms conveniently over- 
winter. On some plants, such as the flowering quince, the disease 
affects only the blossoms. 

The disease is caused by the bacterium Erwinia amylovora. Bac- 
teria are carried by splashing rain, bees, flies, and other insects. 
Infecting blossoms in the spring, th<’y are rapidly transmitted from 
one tree to another. From the blossom they travel downward into 
fruit spurs, twigs, and even the larger branches. 

Use of nitrogenous fertilizer on pear trees stimulates the growth 
of new, tender shoots which are very susceptible to blight. Hence 
such fertilizer should be used sparingly; sin)ilarly severe dormant 
pruning should be avoided. 

Control is achieved by pruning and spraying. All diseased twigs 
should be cut off several inches below the affected area, and pruping 
tools should be thoroughly sterilized in denatured alcohol or some 
other solution before using again. Cankers can be treated surgically 
if not too extensive. Tliis is done by chiseling out the affected portion 
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and painting die sound wood witli bichloride of mercury, followed 
by antiseptic tree paint. Where cankers nearly girdle a limb, it is 
better to remove the limb. Seriously cankered trees are better 
destroyed 

Some cankers may be cured by painting over without need of 
excavation. A good chemical paint for this purpose is made of 
cobalt nitrate (3% ounces), commercial glycerine (1.7 fluid oimces), 
oil of wintergreen (3.4 fluid oxmces), acetic acid (1.7 fluid ounces), 
and ethyl or denatured alcohol (27.2 fluid ounces). 

Spraying of blossoms just as they are entering the full bloom 
stage with a 1-3-50 Bordeaux mixture or with a copper-lime dust 
is recommended. In severe cases two sprayings may be necessary. 

Recent developments in the use of antibiotics have shown that 
agrimycin ( a mixtiu-e of streptomycin and terramyciii ) will greatly 
reduce blight infections on apple and pear. An experiment in 1954 
in MarysviUe, California, demonstrated that agrimycin applied as a 
spray on 600 Bartlett pear trees reduced the disease to one infection 
every six trees as contrasted to nine infections per tree in the check 
plot. 

GaUs 

Galls are globular, semi-g]obular, or cylindrical swellings pro- 
duced on leaves, petioles, or twigs by the “sting” of parasitic wasps, 
or by midges, aphids, or other insects, or by the infestation of 
bacteria or fungi. 

Each gall is characteristic of the insect or bacterium or fungus 
that causes it; and of all the thousands of different kinds of galls, 
no two kinds are alike. The gall is actually a part of the plant; it is 
composed of plant tissues and is alive only so long as the plant is 
alive — plant tissues diverted from their normal development and 
forced to serve the ends of the parasite. 

The galls or tumors on the stems of such plants as blackberries 
and roses are caused by bacteria. In the cedar-apple rust the so- 
called "cedar apple” is a single cedar leaf enlarged and deformed 
by the fungus Gymnosporangium juniperi-virginianae^ The plant 

’Recent work has indicated that one of the antibiotics, cyclohexiniide 
(Actidione), will inhibit teliospore fonnation of the fungus when applied at a 
concentration of 100 p.p,m. 
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lice called phylloxera are responsible for the leaf galls on grapes and 
on certain shade trees. Call-forming midges us uall y attack herbace- 
ous plants, such as chrysanthemum. 

The greatest majority of shade tree galls are caused by egg-laying 
insects, especially the tiny wasps. They are, if not most common, 
at least most noticeable on oaks, where they sometimes »alr« the 
form of balls an inch or an inch and one-half across hanging from 
almost every twig or leaf. On certain days of the year small wasps 
may be seen visiting the oaks, busily engaged in piercing leaf or 
twig and depositing their eggs inside. The presence of the egg 
causes a diversion of plant juices to that point and an overgrowth 
of tissues, resulting in the gall. As the eggs develop, the gall en- 
larges. Inside it the larvae hatch and are nourished and h o use d 
until their destiny calls than to break open the gall and depart. 
No cosier or safer home could be imagined. The gall provides 
protection, concealment, retirement, food, and lodging. It is a highly 
successful mechanism; hence so many different kinds of insects wiakw 
use of it. 

On hackberries and cottonwoods the galls are usually found on 
the petioles. On oaks they are usually found on tlie leaves. Nearly 
every kind of tree is subject to some kind of gall, and a thorough 
study of the gall-tree relationship is itself a subject for a long and 
bulky volume. 

Ordinarily, on shade trees, galls do no discoverable harm to their 
hosts. Although the relationship is one of parasite to host, the para- 
site in this case has been lucky enough or wise enough not to kill 
the goose that lays the golden egg. The perfect parasite is the one 
that draws what it wants from its host while allowing it to live cm 
comparatively unharmed. This most gall-makers have done. 

Many people believe the gall is a dangerous disease, resorting 
to desperate remedies to control it. Sometimes they have the 
affected tree cut down, under the illusion that they are protecting 
their other trees from infections; sometimes they have it topped, *to 
give it a fresh start”; most commonly, they have it sprayed. 

An understanding of the origin and nature of insect galls will 
convince one that topping and felling are useless, since the causative 
insect may fly to the tree from any point of the compass. Spraying 
is similarly of n6 value, for the adult insect may cenne at the time 
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least expected, so that in order to destroy it, the tree would need 
to be sprayed almost continuously 24 hours a day over a period of 
several months; while to the egg or larva inside the gall, spraying 
means no more than rain means to a man inside his house. 

Some kinds of galls have been fotmd useful to man, particularly 
the kind occurring on a species of oak (Qtiercus infectoria), found 
in Asia Minor, Persia, and Syria. From these galls, called “oak 
apples,* “gall nuts* or “nutgalls,* tannin and gallic acid are extracted, 
used in tanning, in dyeing, and in the manufacture of ink. Galls are 
among the most powerful of vegetable astringents and are also used 
in medicine. 

While the majority of insect galls are nothing to be alarmed at, 
bacterial and fimgus galls may be more harmful. The most serious 
of these is crown gall. 

Crown gall is a bacterial disease that causes tumors or gall-like 
swellings on the roots or on the trunk near the base on such differ- 
ent trees and shrubs as apple, pear, plum, quince, flowering almond, 
cherry, sycamore, poplar, maple, willow, juniper, English walnut, 
chestnut, Arizona cypress, incense cedar, yew, oleanBer, and 
euonymus. 

The disease is caused by the bacterium Pseudomonas tumefaciens, 
which gains entrance throu^ wounds in the bark. Rather than 
killing &e tissues affected, the bacteria cause them to hypertrophy. 
Growth may be retarded, foliage may turn )rellow, roots and 
branches may die. Although no great harm is done on older trees, 
young trees are sometimes killed. 

The only control is prevention. Newly set out trees should be 
inspected for signs of galls on stem or roots. Precautions should be 
taken to prevent wounding tender bark. Wounds made by the 
lawnmower in cutting grass are often a focal point of infection. 
Where the disease is known to be prevalent, only nonsusceptible 
varieties should be planted. 


Bubls 

The discussion of galls naturally leads us to burls, which are 
another kind of deformation or hypertrophy of tissue, occurring on 
the trunk or major limbs of a tree rather than on the twigs and 
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leaves. But while the gall is caused by insects or bacteria, the cause 
of the burl is still obscure. 

Specifically, burls are large, globular or semi-globular swellings 
found at some point along the trunk, often near the bottom, and 
less frequently on the large limbs. They develop very slowly, 
growing as the tree grows, and attaining sometimes twice or 
thrice the size of the trunk. Solid and woody, they are actually 
a part of the tree, not a growth from the outside. They do no 
apparent harm, for affected trees live many years, up to what 
seems to be their normal life span. The interesting ^ing about 
burls is that the grain inside them is fantastically curved and 
twisted, in such a manner that they are highly prized by cabinet- 
makers for use in their most exquisite pieces. Burls occur on such 
different trees as oaks, elms, mesquites, walnuts, etc. A black 
walnut with a well-developed burl is extremely valuable for the 
beauty of its wood. 

Anyone with a burl on his tree need not worry about it. As 
far as we know, it is harmless, and it is certainly not contagious. 
Under no circumstances should the amateur be allowed to attack it 
with chisel and mallet, for the attempt to cut off or chisel out 
these excrescences will do more harm than good. Since the 
original cause of burls is possibly mechanical wounding, then 
amputation or excision is certainly useless. 


Cankers 

While burls are not serious, cankers definitely are. They are 
caused by a number of different fungi, and they assume different 
shapes, according to the kind of tree they affect. They weaken 
and disfigure the parts they form on, sometimes killing only the 
affected limbs, sometimes the entire tree. 

Cankers usually appear as sunken, deformed areas on limbs or 
trunk, often bleeding, sometimes dry. Examination often shows 
successive layers of dead callus radiating from a center, indicating 
the yearly attempt of the tree to grow over the infected region and 
the gradual spreading out of the infection into the adjacent healthy 
tissue. 

Cankers damage the tree by killing the tissues they are in 
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dfrect contact wiUi, usually the bark, cambium, and sap^vood, and 
by interfering with die flow of nutrients through the affected region. 
A canker on a limb will cause it to wilt and die, by gradually 
shutting off its food supply, but will not affect the rest of the 
tree unless it works down internally to other parts. A canker on 
the trunk is more dangerous, since it reduces the food supply to 
the entire crown, causing leaf drop, wilting, die-back, and, if 
imchecked, eventual death. 

The causative organisms are usually wind-borne, gaining entrance 
into the tree through old stubs, open cavities, unpainted pruning 
cuts, split bark, and mechanical wounds. The disease is usually 
well-established before (he symptoms appear. In regions where the 
pathogenic organisms are present even the slightest wound may 
prove an entrance point: a careless saw cut, a rope bum, a knife 
thrust, an accidental blow by the lawnmower. The disease has 
been experimentally transmitted to a healthy tree from an infected 
one by use of unsterilized pruning saws and by tree paint that 
did not contain an antiseptic ingredient. 

Exceptionally vigorous trees sometimes outgrow tho disease. 
Where damage has not progressed too far, affected limbs may be 
cut off and burned. If on the trank, main root, or main limb, the 
canker may be treated surgically. Trees too far gone should be cut 
down and burned. 

Surgical treatment means the excision of the infected area, 
including enough adjacent sound tissue to insure complete eradica- 
tion; swabbing of exposed wood with corrosive sublimate; and 
covering of the whole area with an antiseptic and waterproof wound 
dressing. All chisels and other tools used in this operation should 
be sterilized immediately after use by washing in denatured alcohol. 
A surgically treated limb may be weakened to the point where it 
needs braces. Diseased trees should be fertilized and watered 
abundantly to hasten callus formation over the affected area. 

Recent work in chemotherapy gives hope that some day the 
cankers may be controlled chemically. At the present time the 
only significant chemotherapeutic cure is that of the bleeding canker 
on maples. 
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Nectria Canker 

Some of the most widespread cankers are those caused by species 
of the fungus Nectria. There are many of these species, attaddng 
nearly every kind of hardwood and some of the larger shrubs. 
The fungus is wind-bome, entering the tree through wounds, insect 
injuries, frost cracks, etc. 

The most usual form assumed by the cankers is that of an open 
pit showing successive layers of destroyed callus tissue around it, 
in the form of concentric circles. Because of this appearance, it is 
sometimes called target canker; on birches it is called European 
canker. At certain times of the year small scarlet or reddish-orange 
pustules (fruiting bodies) are found on the newly killed bark along 
the edges of the ranker. 

The birches seem to suffer most from this fungus. Other trees 
are seldom killed, although their vigor is reduced and the way is 
opened for other infections. Maples often outgrow the disease, 
particularly if given nitrogenous fertilizer. 

Sphaeropsis Canker 

A number of different kinds of fungi belonging to the genus 
Sphaeropsis cause cankers on both evergreen and deciduous trees. 
These fungi usually attack only those trees previously weakened by 
other disease or unfavorable environmental factors. Among ever- 
greens the pines, particularly the Austrian, Scotch, Mugho, red and 
white pines, and the Douglas fir and blue spruce are victimized 
by the disease. Among deciduous trees the American elm and some 
of the oaks are the most common victims. 

On evergreens, symptoms show up as wilting and browning of 
foliage at the twig tips and deposits of resin along twigs. The 
lower branches are the most seriously affected. Examination of the 
needles, twigs, and cones reveals the pin-point, black fruiting 
bodies characteristic of this fungus. 

On deciduous trees the dying and browning starts at the top 
and gradually works downward. Dark-brown or reddish-brown 
cankers develop on the bark, the wood underneath taking on the 
same discoloration. 



164 


TREE CARE 


Chestnut Blight 

Called ‘Ijlight” because of its rapid killing action, tliis disease 
is really a canker. It is caused by a parasitic fungus (Endothia 
parasitica) which kills cambium and bark on chestnut trees. 

Introduced into our country from Asia in the early 1900’s, the 
disease has virtually wiped out the stands of native chestnut in the 
eastern United States. The loss of the chestnuts is probably the 
major tragedy of our American woods. The rapidity, completeness, 
and virulence of the disease’s spread is without parallel in the 
history of our forests. Hope may be taken from the fact that old 
stumps continue to throw up vigorous new shoots which sometimes 
attain considerable size before the blight attacks and kills them. 
Experiments are being carried on to find disease-resistant varieties. 
Chinese and Japanese chestnuts, although much less valuable trees, 
have proved highly immune. 

First symptoms are a sudden browning and wilting of part or 
all of the tree’s top. Examination of affected limbs shows the 
presence of girdling cankers, which take the form of discolored, 
sunken areas along the bark. When the bark is peeled off, yellowish 
or reddish wefts of fungus tissue are found beneath. Tiny fruiting 
bodies dotting the affected b^rk are sometimes visible. When the 
canker is on a hmb, only the distal parts of that limb are killed. 
When on the trunk near the bottom, the whole top is killed. 

Spores, ejected in great numbers, are carried by wind, insects, 
birds, and water to wounds in other trees. No control method 
has been discovered. The same fungus has been found growing 
with lesser effeet on chinquapin {Castanea pumila), staghorn sumac, 
shagbark hickory, red maple, and some of the oaks. 


Ctjtospora Canker 

Several species of the fungus Cytospora produce disease on both 
evergreen and deciduous trees. Among evergreens the Colorado 
blue spruce and the Norway spruce are most commonly affected; 
Koster’s blue spruce and Douglas fir less commonly. Symptoms 
are browning and dying of needles, almost always accompanied by 
copious exudation of resin at various points along the twigs. 
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( Hence the disease is sometimes called resinosis. ) By cutting into 
the afiFected area at the point where it joins healthy tissue, cankers 
with their black, pin-point fruiting bodies can be discovered. 
Branches are affected iffercntially, the dead ones often lying in 
close proximity to the live ones. Dead and diseased branches should 
be pruned out as soon as they appear, although pruning should not 
be done in wet weather, at a time when the spores are most 
easily spread. The making of wounds, even the tiniest, should be 
very carefully avoided. 

Deciduous trees attacked include peach, willo'v, elm, the Carolina 
and silver-leaf poplars, and others. Being both saprophytic and 
parasitic, the fungus frequently bides its time living on dead 
branches until the appearance of a wound in live tissue affords it 
an entrance point; hence the importance of periodically pruning out 
dead wood. 

Cankers usually appear first on twigs. Gradually the fungus 
travels down the stem, invading larger branches and eventually 
the trunk. Cankers on the trunk appear as brown, sunken areas 
frequently covered with red pustules. Wherever girdling takes 
place, the parts above that point die. 

Cytospora usually attacks trees whose vigor has been weakened 
by some other cause. Correction of the environment accompanied by 
adequate fertilizing and watering will eliminate the predisposition. 

Planetree (Sycamore) Canker 

The widely planted London plane, and to a lesser extent the 
sycamore (buttonwood), is attacked by a canker-forming fungus 
Ceratostomella (imbriata. Many thousands of planetrees have been 
destroyed along the Atlantic seaboard since 1929. Worst of all, the 
disease seems to be spreading westward slowly, although it has 
not yet passed the Alleghanics ( chiefly because most of tlie London 
planes are confined to Ae eastern states). 

The fungus gains entrance through pruning wounds, insect 
wounds, frost cracks, etc. It is also transmitted in tree paints that 
do not contain an antiseptic ingredient. 

When the fungus enters the tree, it grows towards the center. 
From the center it grows out radially along several lines, forming 
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cankers where it reaches the bark. A stricken tree shows greatiy 
reduced foliage, followed by death of affected limbs, or of the 
entire tree if the canker is on the trunk. Trees may live one to 
five years after the appearance of the canker. 

Wood underneath the cankers is characterized by bluish-black 
(sometimes reddish-brown) streaks. A cross-section of the wood 
shows the bluish-black streaks in the form of wedges with the 
apex at the center. 

No control is known. Infected trees should be cut down and 
destroyed. In regions where the disease is known to occur, plane 
owners should be particularly careful not to wound trees and 
should allow none but arborists of proven competence to work 
on their trees. Planting of solid stands of planetrees within a small 
area should be avoided, as predisposing to the spread of epidemics. 


Kortvay Maple Canker 

This disease, which has destroyed hundreds of Norway maples 
since first observed in 1918 or 1919, is caused by the fungus Phy- 
tophthora cambivora. The disease is described as follows by P. P. 
Pirone, who first isolated the fungus from a host plant in the United 
States: 

An early symptom is a thin crown resulting from a decrease in the 
number and size of the leaves. Trees die within a year or two following 
this period of weak vegetative growth. Another, more striking symptom 
is the presence of cankers at the base of the trunk near the soil line. The 
inner bark, the cambium, and in many instances the sapwood are reddish 
brown in the cankered area. Death occurs when the entire root system 
decays or when the cankers completely girdle the trunk.* 

Infection is believed to occur through wounds. Trees in poor 
vigor or in poorly drained soils are abnormally susceptible. 

No cure is known. Dead and diseased trees should be cut down 
and burned. Trees should be planted only in rich, well-drained soil. 
Existing trees should be protected against wounds, particularly near 
the ground line. 
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Bleeding Maple Canker 

This disease is caused by Phytophthora cactorum, a fungus closely 
related to the one causing Norway maple canker and formerly 
believed the same. It attacks chiefly the maples, including the 
Norway, red, sugar, and sycamore maples; also the American beedi, 
and, according to Fenska, the southern live oak {Quercus virgin- 
iana). Firone found the first case of this disease in New Jersey 
in October, 1910. 

The disease is named for its most characteristic primary symptom, 
the oozing of sap from fissures over-lying cankers in the bark. Infected 
inner bark, cambium, and sapwood develop a reddish-brown necrotic 
lesion, which commonly exhibits an olive-green margin. These symptoms 
differ markedly from those produced in trees affected with basal canker. 
A secondary symptom, the wilting of the leaves and dying back of the 
branches, is said by one investigator to be due to a toxic material secreted 
by the causal fungus.® 

The disease has been controlled in a number of cases by trunk 
injection of a chemotherapeutant (diaminoazobenzene dihydro- 
chloride). This substance, an organic dye, counteracts the toxins 
produced by the fungus. 

* Ibid., p. 249. 
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AND MISCELLANEOUS 
TROUBLES 


As rr THAVELS about from place to place, an animal receives various 
kinds of blows from a hostile environment. It may roll off a cliff, 
fall into a hole, become trapped in quicksand, acquire •a thorn in 
its foot, etc. Since a tree cannot travel about, it would seem to be 
spared such blows of fortune. On the contrary, although it cannot 
go in search of adventure, adventure does not fail to come to it. 
A tree need not move to come into collision with objects; the 
objects will seek it out even though it be in the heart of a forest. 

The kinds of mechanical and environmental damage that can 
happen to a tree seem almost unlimited. If in the woods, moose 
chew its bark off, beavers fell it, insects bore into its heart, termites 
honeycomb it, giant vines strangle it in their deadly caresses, fire 
consumes it, lightning sphts it into a thousand pieces. 

If in the city, its enemies, although different, are no less pernicious. 
As it stands along a city street, minding its own business, asking 
for nothing, bestowing the blessing of its shade and beauty on 
all with god-like impartiality, it would seem to be the one object in 
the world without enemies. Yet its enemies are legion. Insects 
work tirelessly to bring about its downfall, attacking roots, trunk, 
limbs, branches, twigs, leaves, and fruit, without quarter. Lawn- 
mowers bump against it. Steam rollers pass under it, scorching its 
branches. Automobiles scrape and bump it and occasionally wrap 
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themselves around it. Hi^ loaded trucks break its branches off 
as fast as they can grow out. Electric wires bum its leaves and 
branches. Children hack on it with knives and hatchets. Unthink- 
ing persons dump cement, kerosene, oil, and cinders around its 
roots. Storms break out its crown or split it down the center. Un- 
tiained tree workers climb in it with the climbing spurs of 
telephone linemen, or encircle split limbs with chains, bands, or 
cables. 

Nearly everything in the environment tends to destroy the tree. 
It continues to live on only because of its strength, its adaptability, 
aad its capacity for self-repair. 

Some of the principal environmental hazards are discussed below. 

FILL 

Possibly the worst thing that can be done to a tree is to fill around 
its root system. As a tree grows, its roots become accustomed to a 
certain soil level. Through the soil they receive air, water, and food. 
Millions of microorganisms live in that medium, directly or indirectly 
assisting the tree to live. Whenever the relation of the roots to the 
soil level is changed, either by removing soil or adding to it, the 
tree feels the effect. 

In cases where absolutely necessary, the grade level may be 
lowered or raised without ill effect if done gradually. “Gradually” 
means over a period of years. WTiile a tree cannot adapt to sudden 
changes, it can adapt to gradual ones. If soil is gradually taken 
away and roots exposed (as often happens on the banks of streams), 
new roots will develop underneath. If soil is gradually added, 
particularly in first one section, then another, the existing roots 
will have time to adjust themselves to the new conditions. 

But if the roots are suddenly exposed or suddenly covered over, 
damage is certain to result. Fill is even worse than exposure, al- 
though both are bad. Large quantities of dirt dumped around a 
tree suffocate it by shutting out the passage of air and water to its 
roots and by interfering with the function of the beneficial micro- 
organisms. The harm is done, not by placing the dirt close to the 
trunk, but by spreading it out over the entire root region (roughly 
comparable to the branch spread). 
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The extent of the harm depends on the kind of tree, age of tree, 
type and amount of fill. Some trees, such as the post oak, are 
quickly killed by even small quantities of fill. Others, such as 
die live oak or the American elm, can survive several feet of fill. 
Yoimg trees have much more adaptability than old ones. The least 
harmful kind of fill is loose, highly-porous soil permitting the 
passage of air and water. Tlie worst kind is heavy, tightly packed 
clayey soil, a few inches of which are enough to kill most trees. 
The remedy is to use no fill, or if absolutely necessary, to use the 
most porous type possible (gravel, sand, sandy loam) and to the 
minimum depth. Feed and water the tree before putting down the 


fiU. 


ENCIRCLING CONCRETE 

It is also an error to pour concrete or to erect rock walls close 
around the base of a tree. Many people do so motivated by the 
illusion that they are helping the tree. As a matter of fact, concrete 
near a tree is harmful in two ways: first, by preventing or*liindering 
expansion of the trunk, second, by cutting off the water supply and 
interfering with normal soil conditions. 

Concrete and plants are at all times highly antagonistic. Large 
areas of concrete around a tree are nearly always fatal to it, 
mainly for the resultant reduction of water to the roots and the 
interference with the free passage of air and the activities of 
minute organisms in the soil. Trees so entrapped seldom die 
suddenly, declining rather little by little over a period of years. 
Different kinds of trees offer different degrees of resistance to 
such a condition. Seme will send their roots 150 or 200 feet in all 
directions in search of water. 

Sometimes the tree wins and the concrete loses in the struggle. 
A concrete ring actually touching a tree trunk, unless unusually 
thick, is almost certain to be cracked by the enormous pressure 
exerted during the growing season. Where the tree is only flanked, 
not encircled, its roots bear the brunt of the defense. The heaving 
effect of large lateral roots is well known to all who have seen their 
sidewalks crazily tilted out of their neat mathematical bed when 
daring to approach too closely to certain kinds of trees, such as the 
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cottonwoods or the elms. In extreme cases sidewalks may be 
entirely overdirown, in others merely cracked and raised. But the 
battle is an uneven one and as might have been expected, the 
forces of civilization almost always win. For the tree lover only one 
rule is safe: No large slabs of concrete near your trees. 

LOW TEMPERATURES 

A tree is considered “hardy” or “not hardy” according to its 
ability to withstand cold. Trees are hardy in relation to their 
natural environment, otherwise they would not be there. But a tree 
that is hardy south may not be hardy north; hence if it is planted 
north, it needs to be artificially protected during cold weather, or 
it will be killed. A tree that is hardy north will obviously not be 
harmed by cold if moved southward, although it may be harmed by 
the heat, the dryness, or other factors of an unfamiliar environment. 
Many tender trees are damaged or killed by unusual cold waves 
penetrating into their territory, such as happened to most of the 
southern states in 1917. 

Even trees well adapted to northern latitudes, however, are 
sometimes damaged by the cold. The commonest kind of such 
damage is that produced by ice, snow, and freezing temperatures. 
Buds, twigs, and small branches are sometimes actually frozen, 
and their tissues destroyed. This is particularly true of new, suc- 
culent growth that sometimes forms during “Indian summers” 
(periods when hot weather is unseasonably prolonged) or that is 
forced out by late summer fertilizing. For this reason such late 
feeding should be avoided, as should severe shearing back of 
shrubbery or evergreens just before the advent of cold weadier. 

Another type of injury is the “frost crack,” a longitudinal split 
which appears on trunks (and sometimes limbs) when sudden 
thaws follow freezing temperatures. These open with a loud report, 
like the sound of a gun fired; they may be a foot or a foot and a 
half long or even longer, several inches deep, and half an inch or 
an inch wide. They usually heal over during the following growing 
season, but may reopen during the next winter. 

The interior of the wound should be protected with tree dressing. 



172 


TREE CARE 


If the wound seems likely to reopen, a threaded rod or bolt and nut 
may be run through the tree at that point. 

LIGHTNING INJURY 

Occasionaly a tree is struck by lightning. Since there are no 
statistics on the subject, it is impossible to say just what any 
given tree’s chances are of being struck. Most of us have seen 
lightning-damaged trees; many of us have seen the actual striking. 
In any case, the phenomenon occurs often enough to keep it from 
being merely an academic possibihty and often enough to justify 
the protection of valuable specimens by the installation of lightning 
rods. It is probably safe to say that in every electrical storm of 
any magnitude one or more trees are struck. 

Some kinds of trees are more likely to be struck than others. 
The most susceptible kinds seem to be the oak, elm, pine, tuliptree, 
poplar, and ash; some of the shallow-rooted trees, like the maple, 
are seldom struck, while on the otlier hand tlie shallow-rooted 
willow and cottonwood are often struck because they are found 
on the borders of streams. 

Again, other things being equal, isolated trees are more likely 
to be struck than those in a forest, and of those in a group the 
tallest is tire most likely. Trees along the banks of streams are 
struck more often than those in drier situations. Trees near a house 
are sometimes struck to the possible salvation ol the house. It is 
notoriously unwise to take shelter under trees during storms, be- 
cause of danger of lightning as much as of falling limbs. 

When lightning strikes a tree, it may utterly destroy it, destroy 
part of it, or merely bum o£F a strip of bark. Some stmek trees 
recover entirely, some recover partly, some never recover. When 
the writer was a boy, lightning struck a large cottonwood in the 
lot adjoining his home, flinging pieces of limbs all over the neigh- 
borhood, one heavy splinter flying in his bedroom window and 
embedding itself in the wall three inches from where he lay 
sleeping. 

Most trees struck are blasted from the top all the way down to 
the ground along one side in a strip that varies in width from six 
inches to a foot and a half. Even though the grain is spiraled, as 
in many of the oaks, the discharge follows the grain. Along the 
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blasted area the bark, the cambium, and the sapwood are killed. 
The damage is caused partly by actual burning and partly by ex- 
ploding steam generated in the tissues by the extremely high tem- 
peratures. After a few weeks the bark falls o£F, exposing the wood. 
In trees that have enough vigor left to recover, callus tissue slowly 
grows over the exposed wood in the years that follow. 

Some trees are killed by one lightning blast, others can withstand 
several. Nearly all the oldest specimens among the redwoods and 
sequoias have been struck repeatedly through their thousands of 
years of growth, surviving with their great regenerative vigor these 
blows of fate as well as countless forest fires, insect plagues, 
drouths, floods, etc. 

Valuable specimens may be protected with lightning rods. The 
installation is quite simple and inexpensive. Although no lightning 
rod is 100 per cent effective, the possibility of eliminating or lessen- 
ing the danger is high enough to make the installation worthwhile. 

After a tree has been struck, it is wise to wait a few months 
to see whether it will live before spending money on its treatment. 
Sometimes the roots are killed by the blast, in which case recovery 
is impossible. If the tiee shows signs of continued vitalitv> however, 
it should be fed and watered generously; the dead bark should be 
scraped away, and the exposed wood painted with a good tree 
dressing. Damaged limbs should be strengthened by cabling. 


WIND DAMAGE 

High winds probably take as great a toll of trees as any other 
natural agency. They twist off limb.s, destroy the whole crown, or 
blow over the entire tree. Unfortunately, there is not much that can 
be done to prevent such catastrophe. To protect other plants, 
trees are planted as windbreaks, but what can be planted to protect 
the trees themselves? Only other trees, it being obvious that trees 
in a group withstand wind better than trees individually. 

High winds are serviceable in the sense that they break off limbs 
ready to fall anyway and blow over rotten trees that should have 
been removed six months before. Winds — and termites — are na- 
ture’s instruments for the disposal of trees that are no longer useful. 
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Unfortunately, however, the wind sometimes takes the good with 
the bad. 

Try to plant strong-wooded trees that do not break and split 
easily. Try to select trees with a naturally strong “U” crotch, or to 
train them to this form. Whenever possible, avoid the “V” crotch 
and above all the weak multiple crotch. Other things being equal, 
plant trees in the lee of other trees or bpuses, and so locate them 
that if they are blown over, they will not fall on the house (taking 
into account the prevailing winds). 

In a large tree, cable together aU major limbs. (See chapter on 
Cabling.) Leaning trees or shallow-rooted trees may be cabled to 
other trees. Trees with large cavities in the trunk particularly need 
this type of anchoring. 

Prune trees judiciously. Cut back long, spindly branches one- 
third or half of their length. Reduce the top in top-heavy trees. 
Prune to distribute weight equally all around the trunk. Obviously, 
a one-sided tree is more likely to be blown over than a well-balanced 
one. 

(An apparent exception to this rule is the case of trees that have 
grown up in regions where strong winds always blow from the same 
direction. Such trees are peipianently deformed; their branches all 
on one side and all pointing in the same direction, and their boles 
permanently bent. Exposed to the buffetings of the wind from their 
infancy upwards, these trees have developed an exceptionally strong 
root system and are less easily blown over than straight, well- 
balanced trees grown in a more or less sheltered location. Such are 
the uses of adversity. ) 


SUNBURN 

Incredible as it sounds, trees are occasionally afEected by sun- 
burn. Incredible, because we are taught that plants seek the light, 
and because trees are the shelters we get under to protect our- 
selves from sunburn. 

But with stm, as with everything else, it is possible to have too 
much of a good thing. Too much sun and too little water will even- 
tually kill any tree. ^Hien water is continuously transpired through 
the leaves and none taken in by the roots, the tree is gradually 
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desiccated. In such cases the tree sheds its leaves in an effort to 
preserve itself, but under prolonged extreme conditions of drouth 
and heat, it dies. 

Although this is damage attributable to the sun, sunburn proper 
is a little different. Sunburn, or sunscald, refers speeifieally to the 
injury done to bark tissues by direet exposure to tlie sun. A tree 
may die of desiccation without having its bark actually burned. On 
the other hand, a tree may die of sunburn although receiving and 
transpiring abundant water. 

There are four different cases in which sunburn occurs: (1) On 
new'ly transplanted young trees whose tender bark is exposed to 
hot sun before they develop a protective crown of leaves; (2) on 
northern trees transplanted southward to regions of more intense 
sun; (3) on topped trees whose limbs are thus suddenly deprived 
of their umbrella of shade; (4) on trees, habituated to the dense 
side shade of clusters, suddenly exposed to the sun by the removal 
of the surrounding trees. 

Note that in aU such cases it is the suddenness of the change that 
does the damage. Trees, like other plants and animals, can adapt 
themselves to nearly anything if changes are made gradually, but 
when these are made too suddenly, the trees die before adaptation. 

When sunburn is severe on the trunks of young trees, it not in- 
frequently kills them. On large trees that are topped, the sunburn 
damage is usually limited to destroying the bark and cambium on 
the upper side of the hmbs. To pi event these various kinds of dam- 
age, observe the following precautions: 

( 1 ) Whenever possible, transplant trees in rainy, cloudy weather. 

(2) Wrap trunks and major limbs of all transplants with heavy 
crepe paper or loose burlap, 

(3) Protect transplants with a semitranslucent canopy, such as 
the camouflaging material used during the war. 

(4) Spread out the pollarding of a large tree over a period of 
two or three years, cutting parts of the limbs the first year, 
part the second and third years. 

(5) Feed and water sunburned trees in order to stimulate quick 
new growth. Scrape away dead bark and paint all exposed 
wood. 
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HAIL 

Severe hail storms sometimes damage trees, stripping off the 
leaves and injuring the bark. The bark on old trees is seldom in- 
jured, although leaves and twigs may be knocked off. On younger 
trees with tender bark, however, every hailstone leaves its mark. 
A week or so later the destroyed bark falls off, exposing the wood, 
usually along areas 3 or 4 inches long and 1 to I /2 inches wide. A 
young tree may show many scars of this nature, and the tree expert 
is frequently called on to diagnose the “mysterious new disease.” 

Little, if anything, can be done to protect against hail damage. 
Young trees can be partly protected by covering with a tarpaulin, 
although hail generally falls so suddenly that there isn’t time enough 
for even this precaution. Fortunately damage to twigs and leaves 
is not severe, and the bark wounds are small enough to heal over 
very rapidly. On scars large enough to warrant it, the exposed wood 
should be painted. 


ICE AND SNOW 

Damage to trees by ice and snow is often very great, obviously 
greater in the North but ndt unknown in the South when excep- 
tional cold waves penetrate those regions. In Dallas, for example, 
many fine trees were destroyed by ice, and others neaily destroyed, 
when freezing rains fell over Texas in the winter 

The damage is caused by the accumulation of ice and snow on 
the branches and limbs until they break under the unaccustomed 
weight.^ 

Ice is worse than snow, for it is solid and it clings, while snow may 

^ Apart from ice and snow, the only other things that weight down branches 
to the point of breaking them oft are the fruits they themselves bear and the 
animals (or humans) that climb on them. The passenger pigeon is said to 
have alighted on trees in such numbers as to break off every branch. An old- 
time tall tale tells of a hunter in the early days of this country who found so 
many wild turkeys perched in a tree that it took him all day to shoot them. 
When he finally finished killing all the birds and turned to look for his wagon, 
he found it dangling fifty feet up in the air. Relieved of its lead of turkeys, 
the tree had gradually straightened up, taking the horse and wagon, which he 
had tied to one of the limbs, up with itl — Applied to the passenger pigeon this 
story would very nearly be true. 
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be blown o£E or shaken off by the movement of branches in ffie 
wind. Evergreens, although in full leaf, often suffer less than broad- 
leaved trees because their structure allows them to bend with 
greater flexibility, and the peculiar arrangement of their branches 
allows the upper to rest upon the lower. 

The only preventive against ice and snow damage is adequate 
cabling and bracing. Ten dollars spent on cabling might save fifty 
dollars’ worth of subsequent pruning, and might very easily prevent 
loss of the whole tree. 

In regions where ice and snow are frequent, the planting of 
brittle trees should be discontinued and the planting of strong- 
wooded trees encouraged. 

DUST, SOOT, AND SMOKE 

Trees may experience two kinds of suffocation: suffocation of the 
roots by water or fill, and suffocation of the leaves by soot, dust, or 
other foreign material on the leaves and bark. The leaves, particu- 
larly on their lower surfaces, are covered with thousands of tiny 
openings, called stomata, through which water vapor and gases are 
exchanged. Similarly the bark is studded with openings called 
lenticels through which air and water vapor are allowed to pass. 
When either or both of these organs are clogged up, the tree suffers; 
in extreme cases it dies. 

Trees growing in the forest seldom experience this type of suffo- 
cation. Rains, usually more frequent over a forest than over an 
urban area, keep the leaves washed clean and bright. 

In a city, however, the conditions are just the opposite. Dust is 
kept in a state of c“onstant agitation by the myriad automobiles. 
Although rain gives temporary alleviation, three or four hours after- 
wards the trafiBc dries the mud and chums it into dust. Trees along 
unpaved streets are commonly more white than green. Tree workers 
can hardly work in such trees because of the dust shaken off the 
leaves by their movements. 

As bad as, or worse than, dust is smoke and soot. In industrial 
areas factory chimneys belch out uncountable cubic feet of poisonous 
gases daily. When atmospheric conditions are just right — or just 
wrong — the gases (smoke) and their residue (soot), instead of being 










Plate 19. TREE TROUBLES Upper left Flat-headed borer on oak Although 
so soft it can be crushed between the fingers, it can eat its wav through the hard- 
est wood. Upper right Canker on hackberry This tree died a year later Loiver 
left Leaf miner damage on leaves of gray, birch Spring spraying is the only de- 
terrent. (Courtesy of Connecticut Agricultural Experiment Station.) Lower right: 
Various twig galls taken from the same post oak. 



Plate 20 INSECTS AND TREES Uppei left Plant lice on American elm. 
Spia\ cannot reach inner siii faces of curled leaves. Upper light European elm 
bark beetle (gieatb enlaiged), principal c«imer of Dutch elm disease. Lower 
right Tunnels of American elm baik beetle, another carrier of Dutch elm disease. 
Low Cl left Locust leal miner. Spring spra>ing would lessen its damage, which 
causes locust le.ives to look dead in midsummer (Three photos by U S Dept, of 
Agriculture.) 






Plate 22 MISTLETOE AND MUSHROOMS. Ahote, left to right Tumorlike 
grovilh on Texas elm caused b\ mistletoe, small branches of which appear at 
right Mistletoe on Chinese elm Eftect of mistletoe on pecan tree enlargement 
of blanch ssith death of its terminal portion Below Heartrot of apple produced 
by the mushroom Pholiota (Courtes\ F A Bartlett Tree Expert Co ) Shelf 
fungus on hackbeiry, with entry gained through the branch stub. 
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nonnal growth, tiiiis condition being actually caused by the de- 
formation of tissues at the point of infestation. 

More than any other kind of tree, hackberries, natmrally tortuous 
to begin with, show this gnarled and twisted effect. Hackberries 
and elms are most commonly parasitized; mesquites, pecans, walnuts 
less SO; oaks very rarely. Among the oaks the blackjack oak is 
attacked more often than the others, the post oak seldom, the live 
oak almost never. The rarity of mistl^oe on oak trees is the basis 
of many superstitions among primitive peoples of all races. As the 
bringer of good or bad luck, the symbol of this, that, or the other, 
it is as exeeptional and portentous an oceurrenee as an eelipse or 
an earthquake. Sir James Frazer in The Golden Bough tells the 
story in detail. 

Dwarf mistletoe often produees “witehes’ brooms” on trees. (See 
page 156.) 

Mistletoe may be removed meehanically by sawing it, eutting, 
or breaking it off. It is most eonveniently removed by sawing, sinee 
some large masses, whieh come to weigh as much as 100 pounds, 
develop semiwoody stems of eonsiderable toughness. Removal of 
the aerial parts, however, does not usually kill the plant, which 
soon sends up new shoots^from the roots (haustoria) inside the host. 
Once the parasite has firmly established itself, it travels through 
the host tissues and becomes capable of sending up shoots at points 
several feet from the place of original infection. Small branches 
badly infected should be removed entirely. 

New infections are caused by birds which, eating the plant’s 
attractive white berries, carry the sticky seeds from twig to twig in 
their beaks or on their feet or feathers, or deposit them with their 
droppings. 

Mistletoe grows slowly but very tenaciously. In addition to de- 
forming limbs, it weakens them to the point where they may break 
in time of stress. Moreover, it appears to make the regions it has 
invaded more susceptible to attack by insect pests and other diseases. 

In Australia experiments have been made to test the extent of 
mistletoe's damage to eucalyptus trees. Radioactive salts injected 
into the trunks were later traced by Geiger counters and found to 
have lodged 100 per cent within the masses of mistletoe, thus in- 
dicating the extent of the absorptive powers of the parasite. 
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No effective chemical or biological remedy against mistletoe has 
yet been found. However, very recently, promising results have been 
obtained ( 1 ) by spraying with the various weed-killers and similar 
chemical preparations, and (2) by injecting chemical substances 
into the host trunk in an attempt to destroy the internal parts of the 
parasite. Although highly gratifying, this work is still in the experi- 
mental stage. 


EPIPHYTES 

Apart from the parasites, there are other plants that grow on trees, 
which should be removed at the time of pruning, or at any other 
time when they threaten to become a menace. There is a large 
category of plants which, instead of rooting in the ground, grow 
upon trees or other plants, using them as support, but not drawing 
nourishment from their tissues. These strange plants are called 
epiphytes or air plants. They are not parasites, since they manu- 
facture their own food, drawing sustenance from mineral particles 
largely dissolved in rain water in the air, rather than from the soil. 
Their roots do not enter the tissues of the plant they grow upon 
as do the haustoria of mistletoe, but serve only to anchor the plant 
to its “host,” exactly as the tendrils of ivy cling to a wall. 

Among the most interesting of all plants, the epiphytes, while rare 
in colder climates, abound in the semitropical and tropical zones. 
In this country, Texas, Louisiana, Mississippi, Florida, and southern 
California have a fair showing of epiphytes, but to see them in their 
full glory it is necessary to visit Mexico, Central America, and other 
hot countries of much precipitation. It is in such places that they 
attain their greatest size and greatest variety, not infrequently being 
more attractive than the anchor plant itself, growing upon it so 
profusely as to exclude it from the sight, and to exclude it also 
from light and air and hence eventually to cause its death. For this 
is the evil of the epiphytes: although not actually parasitizing trees, 
they sometimes grow upon them so thickly as to smother them, and 
therefore must be considered noxious, except in small quantities. 
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VINES 

Vines, although neither parasites nor epiphytes, are as bad for a 
tree as either. Sometimes diey are worse, for a tree may live on for 
many years in spite of the combined attacks of parasites and 
epiphytes, but it will be kiUed in the space or two or three years 
by the unchecked growth of certain vines. 

Because they derive no nourishment from the trees upon which 
they twine, the common vines are not parasitic; they are not epi- 
phytic because they have roots in the ground rather than in the air. 
A vine uses a tree simply and pmely for support, and it grows equally 
well against a house or a fence, on a wire trellis, or on a telephone 
pole. It damages a tree in a negative rather than a positive sense — 
not by drawing anything out of it directly but by shutting it out 
from li^t and air, by spreading its exuberant canopy out into and 
over die space which the tree’s leaves had marked out for their own. 

There are certain vines naturally more limited or more open in 
their habits of growth which twine upon trees but do pot kill them. 
Others, and these are die majority, bring certain death within a few 
seasons. But even when they do not kill, they stunt; hence all vines 
must be set down as injurjous to trees and should be removed from 
diem at least dowm to the ^oint where the limbs branch out from die 
trunk. On the trunk itself, if it is sound, a vine does no harm. The 
danger is in forgetting to keep it under check and allowing it to climb 
up among the branches. Even on the trunk, if the bark has been 
damaged in any way, a vine may hold moisture and so cause the 
exposed wood to decay. If you love your trees the best rule is: No 
vines. 


LICHENS 

Lichens are extremely interesting plants found growing on rocks, 
fallen logs, old buildings, and the trunks and branches of most trees. 
They m^e themselves visible as small irregularly shaped patches or 
splotches of grayish-white, closely appressed against trunk or rock, 
^^en wet, their color may change ^ough various shades of gray, 
white, and green. 

Since they are so frequendy found on tree trunks, many people 
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believe them parasitic, or at least symptomatic of some obsciire 
disease. Actually, lichens are neither parasites, nor fruiting bodies 
of fungi, nor colonies of insects nor any one of the many other 
fantastic things for which they are commonly taken: they are com- 
binations of algae and fungi growing together in a partnership 
mutually beneficial. Roughly it may be said that the alga, con- 
taining chlorophyll (and hence giving the plant its greenish color), 
manufactures food for the union, while the fungus provides the 
structural supporting network. The partnership has proved a very 
successful one, for lichens exist throughout most of the world, some- 
times as long, drooping filaments (Old Man's Beard), sometimes 
fleshy, flower-like lobes (reindeer moss), more often as scaly in- 
crustations on rocks and tree trunks. When examined closely, they 
are seen to be beautiful little plants, intrinsically of the highest 
interest and absolutely harmless to trees, except in the very rare 
cases where they occur in such superabundance as to interfere with 
the lenticels on the bark of new limbs or young trees. 

Where considered objectionable, they may be simply scraped off. 
Ordinarily, however, they add interest to the tree on which they 
grow, and for those who are attracted by miniatures, form a micro- 
cosmos complete within themselves. Called by John Ruskin “the 
first mercy of the earth,” they soften the rock, populate the wilder- 
ness, and lend venerableness to the gnarled and twisted trunk. 

MOSSES AND FERNS 

Mosses as well as lichens frequently adorn tree trunks. The true 
mosses are members of the phylum Bryophyta,* and rated “lower” 
in the botanical scale than the flowering plants (Spermatophyta) 
to which the epiphytic bromeliads going by the names of “ball moss” 
and “Spanish moss” belong. 

Mosses are familiar to most people because of their habit of grow- 
ing on rocks on the borders of streams. They are green, soft, and 
velvety. Unlike lichens, they cannot stand extremes of heat and 
drouth. On the contrary, they thrive in cool, shady, moist places; 
hence they are found near streams, on decaying logs in the forest, 
on shingles where the sun is not too intense and the rainfall is fre- 

‘ Some of the "mosses" on trees are algae. 
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quemt (in Jalapa, Veracruz, the red-tiled roofs are beautifully soft- 
ened with moss); and, more apropos to our subject, on trunks of 
living trees. Most temperate-zone trees are host to at least a small 
quantity of moss. It does absolutely no harm, being neither parasite 
nor saprophyte, growing upon the tree as it grows upon rock. It 
is rather an adornment than otherwise, and we can think of no 
legitimate reason for taking it off. 

Certain kinds of ferns are also sometimes found growing on trees. 
Like mosses, ferns are strictly epiphytic, manufacturing their own 
food and using the tree only as an anchor; hence, like other epi- 
phytes, they do no harm unless they occur in such numbers as to 
crowd out leaves. In tropical forests epiphytic ferns are commoner, 
larger, and much more numerous. With us they are so rare that the 
presence of one should be received with rejoicing, not misgivings. 

GIRDLING ROOTS 

All dicotyledonous trees expand in girth as long as they live, not 
because they want to but because they have to. Given the principles 
of their construction, they have no choice. Hence when a wire or 
cable is wrapped around^.a tree, it does not cut into the tree, to 
speak strictly, but the tree moves out against it and actually brings 
about its own strangulation. 

The same effect is brought about even more strangely in the 
case of girdling roots. A girdling root is a root that somehow grows 
out of its normal position and comes to wrap itself around the 
trunk or around the taproot or around one of die large lateral 
roots at the ground line or slightly below. In this case the root is 
like an encircling wire, with the difference that the root and the 
trunk both increase in diameter, until a point comes when the root 
may completely strangle the tree. 

Some girdling roots are caused by poor planting practices: the 
roots crammed into a hole too small for them so that they intercross 
and twist around on each other. Others are caused by unfavorable 
environmental conditions, such as proximity to a street, a rock wall, 
etc., which induces the roots on that side to double back on them- 
selves in search of more favorable feeding areas. 

The only remedy for girdling roots is to remove them witii mallet 
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and chisel, as shown in the picture on Plate 24. When such roots 
are below the ground level, they are, of course, harder to discover. 
When a tree is in a declining condition from no visible cause, the 
possibility of a girdling root should not be overlooked. In some 
cases the taproot may be strangled two or three feet under the 
ground by an erratic side root. 

CHLOROSIS 

Deficiency of one or another essential nutrient of trees is often re- 
vealed by chlorosis, or yellowing of the foliage. The pattern and 
intensity of the yellow coloring indicate the nutrient that is in short 
supply, and this in turn reveals which element is lacking in the 
soil. 

'Ihe most common type of chlorosis involves a deficiency of nitro- 
gen. Since the compounds of nitrogen make up from 40 to 50 per 
cent of the dry matter of protoplasm, ample nitrogen is of the 
greatest importance to plants. Furthermore, certain nitrogen 
compounds are very mobile within the plant and may be trans- 
located from old to young plant tissue. Any deficiency of nitrogen 
must therefore be immediately corrected if a plant is to develop 
normally. A good general fertilizer with an analysis of 6-10-4, 
5-10-5, or 4-8-6 is considered remedial for nitrogen deficiency. 

Probably the next most common nutrient deficiency is that of iron. 
Iron is a somewhat important constituent of oxidizing enzymes. It 
is relatively immobile in plant tissue. There is evidence that die 
amount of chlorophyll in plants is related to the amoimt of active 
iron present. 

As a remedial compound, iron sulphate has been used with 
good results. Other iron compounds are available on the market 
and should be used according to instructions on the containers. 

Recently a number of “chelating” compounds have appeared. The 
value of these compounds lies in their ability to form stable com- 
plexes with iron and other metals, and hold them in a form which 
will make them readily available to the tree. 

In the case of pin oaks, soil applications of iron sequestrene com- 
plex mixed in the upper six inches of soil have initiated the develop- 
ment of new leaves in bunches near the branch terminals of chlorotic 
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trees. Hiis new development took place within three weeks after 
application of the compound. 

Other nutrient deficiencies may exist, but the trees utilize the 
remaining essential nutrients in such small amounts that the soil 
generally contains a sufficient supply for the life span of the tree. 

BLEEDING AND SUME FLUX 

Many trees bleed or drip from pruning wounds or bark injuries. 
Some trees, such as most of the oa^, horsechestnut, basswood, pine, 
and spruce, never or seldom bleed. Some bleed slightly but soon 
cease to do so. Others, such as mesquite, hard maple, birch, walnut, 
yellowwood, and American elm, bleed profusely. In most cases, 
the bleeding does not seriously affect the tree (except as discussed 
below), but since many homeowners are disturbed by it and since 
the sap drip frequently falls on sidewalks, parked automobiles, or 
other objects, the tree expert is often called upon to stop it. 

Unfortunately, little can be done to control bleeding. Trees that 
are natural bleeders will bleed even out of correctly made pruning 
cuts painted over with the best of paints, while trees that are not 
natural bleeders will not ^se a drop out of the ugliest stub. The 
profuse bleeders should not be pruned when dormant but only when 
in full leaf. In this manner the bleeding is lessened because most 
of the sap goes to the foliage. ( In nonbleeders pnming is best done 
in winter or in early spring. ) 

When the bleeding drips directly onto the ground, it does little 
or no harm. When, however, the wound stands in such relation 
to the limb or trunk it occurs on, that the drip or ooze runs down 
these, it produces what is called slime flux. Slime flux is unsightly, 
malodorous, and harmful to the tissues it flows over. 

There are two kinds of flux: (1) brown slime flux, which ori- 
ginates out of the heartwood sap, and (2) alcoholic slime flux, which 
originates from the sap of bark and the sapwood. Although the 
two kinds may occur together, it is commoner for only one kind to 
occur at a time. 

As the sap issues from the tree, it is a more or less clear liquid, 
but the starches and sugars it contains attract large numbers of 
bacteria, fungi, yeasts, and insects, which rapidly ferment it into 
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a white, foul-smelling solution. The acids and aldehydes in tiie 
solution are toxic to the tree tissues they flow over, destroying bark 
and cambium. 

Treatment is difficult. If the flux comes from a pruning cut or bark 
wound, this should be properly shaped so as to facilitate rapid 
healing. If it comes from the bottom of a filled cavity, this should 
be reopened for further treatment, and a drain pipe should be 
installed. Many arborists char the face of the wound with a blow 
torch, then seal it with an extra coat of asphalt. 

Recent experiments indicate that persistent bleeding of elms, 
and to a lesser extent of other trees, is often caused by a bacterial 
disease to which the name ‘ wetwood” has been given. This disease 
affects the sapwood and/or heartwood, producing fermentation and 
resulting in high pressure which forces the sap out through pruning 
cuts, bark wounds, etc. Sometimes the infected sap is carried up 
into the branches where it may cause curling, drooping, wilting, and 
even loss of leaves. 

Treatment of slime flux consists of boring an upward-slanting hole 
in the tree below the place where the flux is coming out and install- 
ing a piece of pipe to carry the drip away from the trunk. The 
hole should pass through the heartwood and well into the sapwood 
on the opposite side. The pipe should be inserted just far enough 
to seat firmly; if inserted too far, it will not drain the sap that 
accumulates in the region through which it passes. The hole-and- 
pipe treatment, while not a ciure, prevents injury to the trunk and 
usually prevents the toxic sap being carried up into the branches. 
Sometimes the pipe may be advantageously installed at or near 
the ground level or even underground. 

INJURY BY ANIMALS 

Although we think of insects as the forms of animal life most 
commonly attacking trees, it should not be forgotten that quad- 
rupeds, and even birds, also do a certain amount of damage. 

In the woods many wild animals chew the bark, sometimes entirely 
girdling the tree, especially in times of famine. Moose, deer, 
rabbits, squirrels, and other rodents are the principal offenders in 
this respect. 
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In urban areas most of these animals are of course ruled out; 
but not all of them. In the northern parts of our country, in the 
Rocky Mountain areas, and even in the densely populated eastern 
states, animals tend constantly to encroach upon civilization, as 
civilization has encroached upon them. People living in outlying 
parts of a city, in suburban areas, or on farms, are sometimes sur- 
prised, particularly in times of prolonged cold and snow, to find 
deer tracks around their bark-stripped trees. 

Squirrels, rabbits, and field mice are common in most urban 
areas. Squirrels in particular seem to be everywhere. They chew 
off tender bark, bite off twigs, and crack or harvest all the 
nuts they can get to. In the south they are considered a plague 
to all owners of pecan trees, who have invented some interesting 
guards to keep them off, in the shape of bands of tin wrapped around 
the trunks, flared out at the top like lamp-shades, after the manner 
of rat guards on ship hawsers. Squirrels and opossums live in tree 
cavities. Although they do little, if anything, to enlarge the cavities, 
they often prevent the mouth of tlie hole from growing together by 
their constant entering and leaving. 

Dogs often damage plants and young trees with their urine. 
Various chemical preparations on the market are effective in re- 
pelling them. A wire cagc*hround a young tree is also recommended. 

Birds do most of their damage to fruit trees, eating the crop before 
we have a chance. The choicer the fruit, the better they seem to 
like it. Of many trees they eat the seeds, and of some the buds. In 
summary, however, the good they do by eating harmful insects 
so far outweighs the bad that we could easily afford to plant extra 
fruit trees exclusively for their benefit. 

Some people believe that woodpeckers injure trees by drilling 
their nesting holes in them. Actually, they drill only into already 
rotten or semirotten trees. Most of their time is spent hopping up 
and down the tree trunks, not looking for new places to drill holes, 
but searching out and eating the wood-boring larvae. 

PAINT INJURY 

Some kinds of paints can damage or even kill trees, particularly 
young ones with tender bark. Certain oil paints will ^ smooth- 
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barked trees, such as hard maple and sycamore of a foot or less in 
diameter, if applied in a complete circle. Creosote, although an 
excellent wood preserver, should not be used on live trees, as it 
kills bark and cambium very quickly. It may be used sparingly to 
treat the inactive center of an old pruning cut or the exposed 
heartwood of a cavity, but it should be kept away from the margin 
of the live tissue. Paints with tar or tar derivatives are usually toxic 
to tree tissues, and should be avoided. 

Various preparations are on the market for banding trees to 
help control insects that crawl up from the ground. Some of these 
contain toxic ingredients. When used on old trees, no harm is usually 
done, unless the bark is scraped o£E too much before its application. 
When used on young trees with thin, tender bark, death is some- 
times the result. If desired to be used on young trees, the danger 
may be obviated by first wrapping the trunk with burlap or some 
similar material, then spreading the substance over this. 

Most commercial tree paints have an asphalt base with some 
antiseptic ingredient added. Asphalt — not the same as tar — is com- 
pletely harmless to the tree. Roofing compounds made of asphalt 
mixed with asbestos fibers may be used safely for filling small holes; 
putty and plastic wood are also possible in this instance. 

Sometimes good paints are made harmful by the addition of toxic 
diluents. Petroleum oils should never be used as diluents — cer- 
tainly not kerosene. Turpentine is acceptable, but the safest thinner 
of all is linseed oil, itself a vegetable product. 

Pine oil, widely used by veterinarians for painting dehorning 
wounds and even flesh wounds, is an excellent tree paint that should 
be more widely used. 

Orange shellac is recommended for painting exposed cambium 
at the edge of pruning cuts or newly opened cavities. 


SALT-WATER INJURY 

Trees living near the ocean are sometimes injured by blowing 
salt spray. Trees living very near the beach, such as the palms, are 
of course acclimated to saltiness of the air and saltiness of the soil 
—in fact, can hardly live without it. But those trees living farther 
back which do not normally receive salt spray through the air are 
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Aijured when it does accidentally reach diem. This occurs rarely, 
of course, only during exceptionally strong and prolonged winds. 
The hurricane of 1919, for example, carried salt spray 100 miles in- 
land over much of New England, damaging trees and shrubs over a 
wide area. 

The damage shows up as a discoloration of foliage, followed by a 
shedding of leaves, and a terminal die-back of new shoots. If it 
occurs in the wintertime, buds may be destroyed so that spring 
leafing out is considerably delayed. Tender plants may be killed 
outright. The harm is done by the “drawing action” of the salt, 
which extracts so much water from the leaf and twig tissues that 
they shrivel and die. Trunks and large limbs are usually protected 
by their rough bark. 

Against such an eventuality there is no control, except to move 
inside, or to shield in some way, the smaller plants. Damaged twigs 
should be clipped off. 

ILLUMINATING GAS INJURY 

Escaping illuminating gas is a very common cause of tree injury. 
Poor construction of gas mains or tiheir breakage by heavy traffic 
or the gradual loosening of their joints makes possible a slow 
seepage of gas that is very toxic to tree roots. 

Where the leak is slight, symptoms show up as a gradual yellow- 
ing and dropping of foliage and the gradual dying of branches near 
the top. Where the leak is large and sudden, the symptoms are 
easier to diagnose. The foliage of all affected trees turns yellow 
almost overnight, branches die back rapidly; and if no relief is given, 
the bark becomes loose and fungus growths may appear on the 
trunk. 

There are two ways of confirming the diagnosis: (1) by the odor 
test; (2) by the tomato plant test. Where the soil is saturated, 
the gas odor may be very strong. If it is not noticeable on the 
surface, it may be detected by punching 3- or 4-foot holes into the 
ground. If not perceptible at the mouth of the hole, the leak is prob- 
ably very small. 

Ihe tomato plant is even more sensitive than the human nostrils. 
Where leaks cannot be detected by smelling, dig a hole two feet 
deep in the suspected area and set a potted tomato plant in the hole. 
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cover over tightly with a board, and leave for 24 hours. When the 
plant is removed at the end of that time, its stems will be bent sharply 
downward if any gas is in the soil. (The bending is not wilting but 
a growth response to the ethylene factor in the gas.) If the plant 
is unafiFected, you may assume there is no escaping gas in the 
vicinity. If tomato plants are not available, sweet pea or carnation 
plants may be used instead. If gas is present, it will usually prevent 
buds from opening and cause open flowers to close. 

If the tree is not too far gone when the leak is detected, it may 
be saved by taking the following steps. First, ask the gas company 
to repair the leak immediately. Second, dig a trench on the side of 
the tree nearest the leak and replace vitiated soil with new soil. 
Third, punch holes all over the root area and blow out gas with 
compressed air. Fourth, flood the whole root area with water to 
help wash away toxic materials. Fifth, prune out dead branches 
and cut away dead or diseased roots. Sixth, feed the tree to en- 
courage the development of new roots. 

Where a tree has been killed by gas, it should be removed by 
the roots and the ground should be thoroughly spaded up and 
allowed to stand idle several months before anything else is planted 
in the same place. 

Gas leaks occurring in the winter when the surface is frozen 
over very frequently kill nearby trees, since the gas cannot leak 
through to the surface. 

INJURY BY LACK OF WATER 

Perhaps the commonest cause of tree injury is lack of water. 
Trees, like animals, must have water, or they cannot live. Water 
makes up the bulk of their substance; without it their tissues shrivel 
and die. Water is the circulating medium by means of which food 
particles are transported within the tree’s body. Without water 
neither photosynthesis nor respiration would be possible. Without 
water a tree will die even in die most fertile of soils, for it cannot 
utilize food that is not first dissolved. 

The largest and finest trees occur in regions of abundant rain- 
fall; in our northeastern woods, in the Ohio River basin, along 
the Pacific Coast, in the tropical rain forests, etc. Contrariwise, the 
poorest and most stunted specimens occur in the desert regions. 
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Abundant water means not only large trees, it means green healtby 
leaves and full tops, while lack of water means shedding of leaves 
and dying of branches. 

The most usual cause of lack of water is, of course, sub-normal 
rainfall. When rainfall is less than normal over any given region, 
trees suffer. Their suffering may be alleviated to a greater or lesser 
degree by artificial means, but it cannot be relieved entirely. 

City trees sometimes suffer from lack of water even when rain- 
fall is normal. This may happen: (1) when surrounded by asphalt, 
cement, or other substances impervious to the passage of water; 
(2) when roots are cut or damaged by street-building or house- 
building, and the reduced root system becomes inadequate to absorb 
the necessary moisture; (3) when roots are damaged by toxic 
substances in the soil; (4) when roots are covered by non-porous 
fill; (5) when roots are covered by heavy sod; (6) when the con- 
tour of the land is changed so that water runs off before it can 
soak in. 

The remedy in each of these situations is to change* the existing 
condition and to furnish the tree with an adequate supply of pure 
water. 

Trees may be best watered by making holes in the root area 
with a punch bar and applying water directly through them. This 
method is particularly valuable where heavy sods are present. 
Where the grass is thin or spotty, watering may be done from the 
surface. Slow soakings two or three times a week are better than 
sudden floodings. Sprinkling is of little value. 

Signs of water deficiency are leaf scorch (browning of leaves 
around the edges), leaf wilting, sparseness of foliage, appearance of 
dead twigs, premature shedding of fruits, leaves, or twigs, and 
stagheading (appearance of large dead branches in the top). 

A tree can be killed by too much water as well as too little. 
Where there is a clay substratum, water from above may be unable 
to drain through and so accumulate to such a degree that the tree 
roots drown. Most trees cannot grow in a soil constantly saturated, 
and if the water content of a soil is suddenly and greatly increased, 
affected trees may die before they have a chance to adapt to the 
changed conditions. 
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CHEMICALS IN THE SOIL 

Certain chemicals may contaminate the soil to such an extent 
that tree roots are poisoned. The accumulation of contaminants may 
be sudden or gradual. Some of the commonest contaminants are 
salt, kerosene, motor oil, calcium chloride, cinders, and, more 
recently, weed killers. 

Salt is sometimes carelessly spilled near trees. Ice-cream freezers 
are sometimes emptied, and even sand piled along the parkway 
may contain salt that leaches down to the roots. 

Home-repair jobs on automobiles often result in the emptying 
of kerosene, motor oil, or gasoline in the tree root area. 

Calcium chloride, often used on country roads to help keep 
down dust, may be washed into the tree root region, causing severe 
damage. 

The increasing use of weed killers has caused damage and death 
to some trees. Many of these substances are specifically designed to 
kill brush as well as weeds, and their careless or indiscriminate 
use has naturally resulted in injury to good trees. 

Unweathered cinders or “clinkers” may be harmful if piled 
around trees because of the toxic ingredients gradually washed 
down to the roots. 

In places where trees or other plants near trees are sprayed 
frequently over a period of years the poisons contained in the 
spray may accumulate in the sod to such a degree that toxic 
effects are produced. This is particularly true in certain soils, such 
as sandy loam, and particularly noticeable in shallow-rooted 
trees, such as fruit trees, because ol the greater accumulation of 
poison in the upper layers of soil. Damage to apple trees as a 
result of the accumulation of arsenicals in the soil was noted as 
early as 1908. Contaminated soils gradually decrease in con- 
tamination when left fallow. 

Although most of the information on soil contamination by 
spraying concerns the arsenicals, we now have enough evidence 
about the new insecticides to show that some of them, such as 
DDT, BHC, chlordane, aldrin, dieldrin, methoxychlor, do persist 
in the soil to the extent that repeated use may build up harmful 
residues. It will be the task of research chemists to develop new 
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materials equal to these in efFectiveness but nonaccumulative in 
&e soil. 


DAMAGE BY FIRE 

Fire and trees are incompatible elements and should never be 
brought together except in the fireplace. Most of us are aware of 
the great losses sustained annually because of forest fires. Statisti- 
cians agree that fire is the greatest single enemy of the tree. 

Even city trees are occasionally damaged by fire. Leaves or 
trash are frequently burned near them, singeing the foliage and 
damaging the branches. Sometimes the fire is made directly against 
the trunk, in which case the bark and cambium are killed over a 
considerable area. Cases are known where a fire built at the 
bottom of a hollow tree to smoke out a ’possum has resulted in 
the sudden burning of the whole tree, the central cavity forming a 
perfect draught, like a chimney, and the dry wood on the inside 
serving as tinder. 

Where houses burn down, surrounding trees are often damaged. 
Those very close to the fire are usually killed, those farther away 
are burned on the proximate side. Damaging heat usually carries 
much farther than the flames proper, so that even trees that seem 
to be out of range may be injured. 

Bmnt branches should be pruned back to the nearest live lateral. 
Twigs that are only lightly singed should be given time to come 
out again before clipping off. Burnt bark will usually fall off, 
exposing the sapwood, which should be painted. Where the bark 
is damaged but too lightly burned to fall off, it should be removed 
surgically. Badly burned trees should be fed and watered to hasten 
bark development over injured areas. 

ATOM BOMB DAMAGE 

What the atom bomb does to trees is rapidly becoming history, 
although fortunately none in our country have yet been destroyed. 
Trees near groimd zero are utterly destroyed. Those farther away 
are broken by the high wind and binned by the heat; those still 
farther away are burned only. 
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Trees and other plants whose tops were destroyed in the 
Hiroshima and Nagasaki bombings quickly sent up a marvelous 
secondary growth— a luxuriance of vegetation which soon re-covered 
the desolate landscape. Apparently this effect was due to atomic 
radiation of the plant roots. 
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CONCERNING SOME POPULAR BELIEFS 

Q. How can a stump be kept from resprouting? 

A. Although salt and kerosene were formerly the two materials 
most commonly used, they are not as effective against stubborn trees 
as chemicals more recently developed. One commonly used is 
ammonium sulfamate in the form of crystals which may be poured 
into downward-slanting holes bored into the stump oj into cuts 
made along exposed roots. The crystals are dissolved in the sap and 
carried by the sap flow to all parts of the tree. Another is the 
hormone type of chemicals, particularly 2,4-D and 2,4,5-T. If the 
basal area from which new shoots would rise is thoroughly soaked 
with one or both of these combined with fuel oil, the chances are 
good that the stumps of even the most persistent trees will be killed. 

Q, Can a tree be killed by driving a copper nail into it? 

A. No. This is a popular fallacy. Although copper is poisonous 
to plants, including many fungi, and is for this reason the chief 
ingredient in many fungicide sprays, it is not, in low concentration, 
harmful to trees. Copper in solution is sprayed directly onto a tree 
for disease control; it kills the molds and rusts but leaves the 
tree unharmed. 

Similarly, copper nails, although firmly embedded in tree roots, 
trunk, or limbs, produce no ill effect. 

Q. Is a fruit tree helped to bear fruit by driving iron nails 
into its trunk? 

A. Very little, if at all. Although this is a time-honored practice, 
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not enough iron to have an appreciable eflFect is absorbed by the 
tree in this manner. To induce a tree to bear fruit when it is 
suffering from iron deficiency, punch-bar feeding in the soil is 
recommended today. This has the additional advantage that other 
elements as well as iron may be supplied. 

Q. Why do some trees have flowers while others seem to have 
none? 

A. Practically all trees have flowers, for without flowers they 
cannot develop seeds, and without seeds the reproduction that 
is the chief aim of their lives would, for many trees, come to end. 
We are misled into thinking that some trees do not flower because 
their flowers are inconspicuous. Those of the American elm, for 
example, are seldom noticed, yet this tree unfailingly flowers 
and forms seed each year — often while snow is still on the ground, 
weeks before other trees awaken from their winter nap. 

Q. Why are some trees said to be male and others female? 

A. In some species, such as the willows and cottonwoods, “male” 
(staminate) flowers are borne by some individuals, while “female” 
(pistillate) flowers are borne by others. Thus, some trees may 
legitimately be called male and others female, although when 
neither flower nor fruit is present, it is impossible to tell one from 
the other, there being no secondary sexual characteristics. A species 
in which the two kinds of flowers occur on separate plants is 
called dioecious. A dioecious species will not set fruit and seed 
unless a male and female tree are fairly close together, so that 
poUen may be carried from male to female by wind or insects. 

In other groups of trees such as the oaks, separate male and 
female flowers are borne on the same tree but in different places. 
Such a tree is said to be monoecious. Even when standing alone 
it is generally capable of setting fruit and seed. 

Other trees, especially those with showy bloom, may have both 
iwalA and female parts combined in each individual flower. These 
are known as perfect flowers. A still different situation exists in the 
maples, in which there may be separate staminate and pistillate 
flowers as well as perfect ones. 



198 


TREE CARE 


Q. Are woodpeckers harmful to trees? 

A. Only the sapsucker. Most birds are, of course, beneficial to 
trees because of the large number of insects they eat. High on the 
list of beneficial birds are the woodpeckers, which destroy borers 
and other harmful insects. 

The sapsucker, however, has brought the woodpecker family 
into disrepute. It makes a series of siftall holes along the bark 
in horizontal rows, actually eating the bark and cambium. It 
comes back day after day to reopen the holes and to eat the 
insects that collect around them. By thus making many holes 
close together and by keeping them open, it kills some trees and 
damages many others. 

Q, Do squirrels harm trees? 

A. Very little. Although squirrels live in tree cavities, they do 
not make the cavities but take possession of those that already exist. 
By constantly entering and leaving their homes, however, they 
prevent the mouth of the cavity from growing togetherr Also their 
scampering up and down trunks sometimes tears away the bark, 
particularly on young trees or very smooth-barked ones. In the 
wintertime when food is sd^irce, they have been observed to chew 
off twigs. 

On the whole, their damage is very small and certainly is more 
than offset by the interest and animation they lend to the tree 
in which they choose to live. 

Q. Must a transplanted tree be set in the same relation to the 
points of the compass as it was growing before being moved? 

A. No. If it were necessary, all trees and plants growing in 
nurseries would have to have their stems marked North, South, 
East, West, so that when moved, they would be planted in exactly 
the same orientation. Thus a plant could not be turned with its 
most presentable side forward unless that side happened to face 
die same way as in the plant’s native home. Some persons foolishly 
carry out this practice in setting out their own trees, while altogether 
neglecting the rule that a tree should be set at the same depth at 
which it was naturally growing. 
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Q. When do a tree’s new leaves start to form? 

A. ■<Jenerally at least a year before they expand. The buds of 
this year’s leaves were formed in last year’s spring. When you 
see this year's leaves unfolding, next year’s leaves are developing, 
in miniature, in the angle between die base of the leaf stalk and 
die branch or stem. They will remain snugly curled up as axillary 
buds all through late spring, summer, fall, and winter, ready to come 
out next year when calendar and weather give the signal. Thus, 
the process is repeated endlessly, the leaves being always ready 
a year beforehand. 

If a mark is made on a young tree at a certain distance 
above the ground, say three feet, will that mark remain in the same 
place or will it rise as the tree grows? 

A. It certainly is natural to believe that a tree grows all over, 
and that just as a baby’s knee gets farther and farther from the 
ground as he grows into a man, so a certain point on a tree trunk 
ought to get farther and farther from the ground as it grows. But 
a tree grows in height only at the twig tips, never along the whole 
length of its trunk. 

The only way the trunk grows is in diameter: in common with 
all comparable parts of the tree — the limbs, the branches, and 
the twigs — it continually thickens as long as it lives. Thus, a 
mark of some kind made on the bark of a young tree will move 
outward, not upward, as the tree grows. 

Q. How is it possible for a tree, when its top is cut off or damaged, 
to produce new shoots along its trunk and main branches wWe 
none grew before? 

A. Such new shoots come from dormant buds that are scattered 
over much of the tree’s surface. Though they normally remain in 
a resting state, they are always ready for activity in an emergency. 
When a tree is topped, new shoots develop rapidly from these 
resting buds. It is the abundance of such buds that makes willows 
often reproduce themselves from a broken-off branch. 



200 


TREE CARE 


Q. At what age does a tree stop growing? 

A. A tree never stops growing. Unlike animals, which cease 
their growth at maturity, trees continue to grow as long as they live. 
Growth in old trees, however, is much slower than in young ones. 

Some trees, such as the palms and the yuccas (monocotyledons), 
after reaching a certain size, grow only at the tip, getting taller but 
not thicker. All our commonest trees, hpwever, such as oak, elm, 
hickory, cottonwood, etc. (dicotyledon^), continue to get both 
taller and thicker every year of their lives. The trunk and branches 
increase annually in girth, and the twigs grow annually in length. 

Q. Is there any way to tell the age of a tree other than by 
counting its rings? 

A. Counting the rings is the only accurate way. Estimates based 
on size are only approximations, sinee growing conditions may 
change greatly during the life of a tree. However, it is no longer 
necessary to cut down a tree to examine its rings. Lumbermen use 
increment borers, which drill a small hole into the trce*and bring 
out a core section. The rings are clearly visible in this section, 
as are also the tree’s inner condition: whether sound, rotten, checked, 
stained, etc. The hole (usually less than half an inch in diameter) is 
readily stopped up with asphalt, putty, or cement, and the tree 
remains unharmed. 

THE WELFARE OF TREES 

p. When is the best time to work on trees? 

A. That depends in part upon the work to be done, in part on 
the immediacy of the need. In general, pruning may be done 
at any time, although pruning wounds made early in the spring 
heal over somewhat more rapidly by taking advantage of the 
subsequent growing season. Sometimes pruning is best done when 
leaves are on, to better distinguish live from dead wood. Many 
trees are advantageously pruned when dormant. Profuse bleeders, 
however, such as the walnuts, birches, yellowwood, and hard 
maple, should be pruned only when in full leaf. 

The widespread idea that pruning should be done only in the 
dormant season is a carry-over from the days in which pruning 
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was synonymous with dehoming. It is quite true that radical topping 
should be done only when the tree is dormant. By now, however, 
the term “pmning” has acquired a different meaning, and the 
removal of dead branches and a minor number of live ones may 
be done at any time. 

Cavity repair may be done at any time and should be begun as 
soon as the cavity is discovered. However, since growth occurs 
most rapidly in the spring, cavity fillings set in at that time will 
be most quickly sealed over at their edges by the healing callus. 

Cabling and bracing may be done at any time and should be 
done as soon as the need is discovered. Cables installed when 
the tree is in full leaf may sometimes become slack when the 
leaves fall off, although slight slackness is not objectionable. Cabling 
is often most practiced in the spring to repair the damage done 
by ice storms, but logically it would be better done before the 
storms. 

Spraying is almost always done through the spring and summer 
as insects appear and plagues develop. However, some valuable 
preventive spraying can be done during the dormant season, in 
late winter or just before the buds break. 

Removals can, of course, be made at any time. But it should be 
remembered that trees without leaves are smaller, easier to cut, 
and easier to haul away. 

Planting is usually done in fall or spring. In regions of severe cold 
it is best deferred until spring. In the South it may be done any time 
after the leaves fall off; one month of the winter is as good as an- 
other. Moist, cloudy days are best for transplanting. 

In the spring, planting should be undertaken before the buds 
begin to swell, since the roots will have become active several 
weeks earlier. Bare-rooted trees are better not moved after leafing 
out, although careful digging and stripping off of leaves sometimes 
makes the move possible. Since evergreens are always moved with 
a ball of earth, one time is about as good as another. Theoretically, 
any tree, evergreen or deciduous, can be moved at any time if a 
large enough ball of soil is moved with it. In practice, however, the 
cost of moving a large enough ball of earth to accommodate a 
deciduous tree in full leaf makes it wiser to wait imtil the leaves 
are gone. 
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Probably the worst time to move any tree is in late summer: 
when the spring growth impulse is nearly exhausted and before 
dormancy has set in. 

Fertilizing is best done in early spring so that its effect may 
be immediately felt It is less effective in midsummer and autumn 
and not effective at all, of course, in the winter, although not lost, 
since the materials remain in the soil ready to enter the roots 
in early spring. Heavy fertilizing right before the advent of freezing 
weather should be avoided because it forces new growth and keeps 
older tissues succulent at a time when they may be harmed by 
the cold. However, a sick tree should be fed and watered when- 
ever its sickness is discovered, regardless of the season. 

Q. What is the largest tree that can be transplanted? 

A. Theoretically no tree is too large to be transplanted. It is 
merely a question of getting enough roots and of having the 
heavy equipment necessary to handle the large masses and great 
weights involved. Trees are usually moved with a ball o^ earth that 
measures eight to twelve inches in diameter for every inch in 
diameter of the tree’s trunk. This means that a four-foot tree would 
need a 40- to 48-foot ball— ^extremely difficult and costly, but not 
impossible. 

Trees a foot, foot and a half, and two feet in trunk diameter 
represent the upward levels in accepted practice among experienced 
arborists. Generally the sizes are smaller. Deceptively small though 
it may seem, even a three- or four-inch tree is a job for a pro- 
fessional. Most nurseries sell trees not larger than three inches in 
trunk diameter. 

Q. Will it save my tree from the ill effects of fill to build a stone 
well around it? 

A. No. The roots of a tree extend through an area roughly 
corresponding to the spread of its branches and sometimes far 
beyond. Just as leaves are found at the tips of twigs and not 
along the trunk or the major limbs, so the root hairs, the real 
feeders, are found near the tips of the roots and not along the 
great muscular roots close to the trunk. Hence building a well 
two or three feet distant from the trunk with hope of preventing 
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root suffocation from fill is almost entirely useless. Its most helpful 
seivice is to keep the trunk bark from ro^ng, as it sometimes does 
when earth is banked against it. 

Q, Does it make any difference where a limb is cut off? 

A. It makes all the difference between good and bad work. A 
limb should be cut off at a joint, flush with the trunk of the tree 
if it stems from the trunk, or flush with the lines of whatever limb 
it does stem from. If a stub or lip is left, the tree cannot heal 
aroimd it. Such stubs usually decay and, if not cut off or chiseled 
out, provide an avenue by which disease organisms may enter the 
body of the tree. Small twigs or twig tips, on the other hand, may 
be cut off almost anywhere. Since they contain much embryonic 
tissue, they will usually send out clusters of new shoots below the 
cut. 


YOU AND YOUR TREE MAN 

Q. Is it better to have tree work done on a contract basis or a 
cost-plus basis? 

A. It is better on a cost-plus basis. While laying bricks or 
building automobiles may be worked out at an invariable price per 
xmit, work on trees cannot be so worked out. Each tree is 
different: a different size, a different kind, and in a different 
condition. No man that lives can name to the hour the time 
it will take to prune or repair a given tree. The homeowner, how- 
ever, often does not realize this, demanding that tree work, like 
other forms of labor more easily calculable, be contracted on a 
flat-rate basis. By so doing, he exposes himself to two dangers: 
( 1 ) the danger of being overcharged, as when the arborist, forced 
to name a flat figure, protects himself by charging more than 
he actually expects the bill to be on a cost-plus basis; and (2) the 
danger of getting a poor job, as when the worker, anchored to a 
figure from which he cannot pull loose, skimps on the work when 
it turns out to be more than he had bargained for. 

The homeowner should make up his mind in advance that 
good work cannot be secured at bargain prices and should put 
behind him for all time the seductive illusion of the lowest bid. 
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In buying an article of merchandise, price may legitimately enter 
into the decision, other factors being equal. Even in building a 
house, it is common practice to accept the lowest bid, since 
the architect is on hand to see that the contractor meets all the 
specifications. But tree work is different. Here the homeowner has 
no architect and no inspector to protect his interests. He must rely 
entirely on the integrity of the arborist, and the arborist, however 
honest, cannot be expected to put forth his best efforts when he 
finds himself coming out financially on the little end. 

How can I tell a reputable tree man from an unreliable one? 

A, This question naturally arises out of the preceding one. 
Reputable arborists fortunately seem to be on the increase, in 
part because of the efforts of the National Shade Tree Conference, 
which strives constantly to raise standards among tree workers 
and serves as a nerve center for the dissemination of information. 

In tree work, as in other businesses, the majority of long- 
established companies are reliable. The questionable workers are 
the itinerants without telephone or address, men who drift in and 
out with far more interest in your money than in your trees. Beware 
of door-knockers, unlettered trucks, phony references, and glib 
talkers. 

Much can be inferred from the worker's equipment. Adequate 
equipment in good condition indicates a prosperous past usually 
(but not always) synonymous with a long record of satisfied 
customers. 

Many times information about a man can be supplied by the 
local Chamber of Commerce, the Better Business Bureau, or the 
County Agricultural Agent. A good indication of reliability is 
membership in the National Shade Tree Conference. 

Gradually, better educated men are getting into tree care. 
Graduates of schools of forestry or men who in some way have 
made a special study of the subject are obviously better prepared 
than those who have learned the work merely by rule of thumb. 

Q. How can I tell whether my tree is properly repaired or not? 

A. It is hoped that reading this book will help you to answer 
that question. So few people know anything about trees that 
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competent judges of the work are as scarce as competent workers. 
One of the curious features of tree work is that a man may do it 
badly and never be detected, for who is there to expose him? If 
a plumber repairs your hot water heater or a mechanic your car 
motor, you know within a few days whether the work was properly 
done; the results speak for themselves. But if an unscrupulous tree 
man gives you third-quality work, you may never discover the 
fact. Trees have such great regenerative power that they often 
survive aU the injuries that ignorance and malice can heap on 
them, just as a human patient may struggle on for years in the 
hands of a charlatan doctor. Unfortunately, tree surgery is crowded 
with charlatans — ^men who without training or conscience get 
into it because they sec a chance to make easy money, capitalizing 
on the public’s lack of knowledge. Encouraging, however, is the 
slow but steady spread of knowledge in the form of books on 
trees, garden encyclopedias, horticultural magazines, etc. Never- 
theless, at the present time it is no exaggeration to say that the 
public knows more about stars or the atom bomb than about 
trees. If anyone is really interested in the fate of his trees, he must 
make an effort to learn for himself. 

TREES AND THE LAW 

Q. Do I have a right to '•ut off limbs from my neighbor s tree 
when they are overhanging my property? 

A. Yes. According to law, you do have a right to cut such limbs 
back to the point where they intersect your property line. You also 
have a right to cut any encroaching roots. Moreover, you may do so 
without notifying the owner of the tree or asking his consent How- 
ever, the parts cut off belong to the owner of the tree and must be 
given to him if he so requests. 

In the case of fruit trees, the fruit legally belongs to the owner 
of the tree, and (if the limbs have not been cut off) he has a 
right to reach over on the adjoining property and pick the fruit. 
(Hoffman u. Armstrong, 46 Barb. (N.Y.) 337.) 

Q. Does my neighbor have a right to mutilate or cut down a tree 
on the boundary line between our properties? 
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A. No. Nor do you. Such a line tree belongs to both parties and, 
according to a ruling of a New York cour^ may not be mutilated or 
destroyed by either party without consent of the other. If either 
party acts contrary to this ruling, the other may sue for treble 
damages. 

Q. Am I liable if my tree falls over on my neighbor's property? 

A. If you can be proved negligent in any respect, you are liable 
for damage. If the tree is decayed or weakened or split or damaged 
at its roots and you have been apprised of its condition, or if you 
are presumed to have been aware of its condition, then you are 
considered negligent On the other hand, if the tree was apparently 
sound and no negligence on your part can be proved, then the 
fall is considered an act of God, and you are not liable. 

In many cases the testimony of a tree expert is needed to help 
decide whether the owner could have been reasonably supposed 
to have been aware of the tree’s impaired condition. Where con- 
siderable damage is involved, this point can be a delicate one. 

Q. Do I have a right to remove trees in the parkway in front 
of my property? 

A. Parkway trees (those ]between the sidewalk and the street) 
are in many communities considered city property and hence are 
not removable without permission of the city authorities. In 
municipalities that retain a city forester the parkway trees cannot 
be removed or worked on without permission from the forester’s 
office, and the men who are to do die work must be licensed by 
that office. In other communities the city has its own crew charged 
with maintenance and removal of parkway trees. 

In smaller communities that do not have a city forestm*, the 
parkway trees, although technically owned by the city, are some- 
times planted, cared for, and removed by the property owner at 
his discretion. 

If the parkway trees in front of my property are injured, can 
I recover damages? 

A. Yes. Although the trees may belong to die city, you have 
a special interest in diem and may recover damages to ^e extent 
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diat accidental injury or willful abuse practiced on them less^ 
the value of your property. (Murtaugh v. Chicago Motor Coadi Co. 
269 111. App. 290, 

Q. Is damage done to trees and shrubs deductible from my 
income tax? 

A. Yes. According to Section 23 (e) 3 of the Federal Revenue 
Act of 1938, trees and shrubs are considered an integral part of 
the entire estate and not a separate entity. For this reason damage 
done by storms, lightning, hail, etc., may be deducted from die 
income tax, the amount of the deduction being the difFerence in 
appraised value of the estate before and after the casualty. 

Q. Who has control over trees along the highways? 

A. Along state highways the State Highway Department has 
full jurisdiction over such trees. Although sometimes the departments 
get the help of private tree organizations, they more often use 
dieir own crews for planting, repairing, and removing. Along county 
roads the procedures vary from state to state and locality to locality. 
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The home-owneb hobbyist or the beginning tree surgeon often 
has difficulty finding the proper tools. Since most tree tools are 
highly specialized, hardware stores stock only the simpler items. 
Feed and seed stores carry a limited stock of shears, saws, and 
other simple tools. Usually it takes the tree expert^ years to 
accumulate the necessary equipment, often being forced to manu- 
facture some of the tools himself or to have them manufactured to 
his own design. 

This condition is rapidly <5iianging, however. Keeping pace with 
the constantly increasing number of tree workers, there have 
appeared a number of special manufacturers and distributors who 
handle complete supplies of garden, nursery, and tree expert 
tools and materials. A. M. Leonard & Son, Inc., of Piqua, Ohio, 
has a large and varied stock. The Fanno Saw Works, Chico, 
Cahfomia, makes nearly all kinds of tree saws. Atkins, Disston, 
Bartlett, and other large manufacturers make tree saws and pruners, 
which may be obtained, by special ordering, through most hard- 
ware stores. J. E. Sebrell, Los Angeles, California, sells pruners, 
pole saws, fruit pickers, hooks, and other attachments for mounting 
on lightweight aluminum poles. 

Best known power saws are the Disston, Mall, McCullough, 
Timberhog, Lombard, Titan, Atkins, Homelite, Woodsman, I.E.L., 
Precision, Woodboss, Reed-Prentice, Poulan, Hornet. Most of these 
are gasoline powered, others are electric. Chains for these saws and 
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files to sharpen the chains may be obtained from the Oregon Saw 
Chain Corporation, Portland, Oregon. 

Extension ladders can be bought in hardware stores or lumber 
yards. Aluminum or magnesium ladders can usually be bought or 
ordered in the same places. Specially built ladders are available from 
A. M. Leonard & Son, Inc., Piqua, Ohio; Howard Ladders, Kent, 
Washington, or Los Angeles, California; Dayton Safety Ladder, 
Cincinnati, Ohio. 

Paints, ropes, cavity slicks, cabling equipment, and nearly all 
miscellaneous items are supplied by A. M. Leonard & Son, Inc., 
Piqua, Ohio. 

Hand sprayers are stocked by hardware stores, feed and seed 
stores, also Montgomery Ward and Sears, Roebuck. 

Power sprayers are available from John Bean Manufacturing 
Co., Lansing, Michigan; F. E. Myers & Brothers Co., Ashland, Ohio; 
Fitzhenry-Guptill Co., Cambridge, Mass.; Hardie Manufacturing 
Co., Hudson, Michigan; Niagara Sprayer and Chemical Co, Mid- 
dleport, N.Y.; Universal Power Sprayer Co., Plymouth, Michigan; 
Friend Manufacturing Co., Gasport, New York. 

Tree-moving trucks or trailers are manufactured by Gar Wood 
Industries, Inc., Detroit, Michigan; Charles F. Irish Company, 
Cleveland, Ohio; J. G. Butts Manufacturing Co., Cato, New York; 
Modem Equipment Co., Plainfield, Indiana; Rock Creek Nurseries, 
Rock Creek, Maryland; Williams & Hanley Co., Kansas City, 
Kansas; Ryan Landscaping Eqxiipment Co., St. Paul, Minnesota. 

Books, like saws and shears, are tools. Many people who would 
like to read about tree care have considerable difficulty finding 
books on the subject. Public libraries have a few (too few). Uni- 
versity libraries have some. Book stores, while they may not stock 
the titles, can order any book in print. 

Some of the best books on the subject are the following: Main- 
tenance of Shade and Ornamental Trees, revised edition, by P. P. 
Pirone, published by Oxford University Press, New York; The New 
Tree Experts Manual, by Richard R. Fenska, published by A. T. de 
la Mare Company, New York; Practical Tree Surgery, by Millard 
F. Blair, Christopher Publishing Co., Boston, Mass.; Insects and 
Diseases of Ornamental Trees and Shrubs, by E. P. Felt and W. H. 
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l^bUfibed by Macmfllan, New T<i»b. The last two are out 
besoe oan only be obtained in ibtaries. 

Edition there are the mai^ elpdieht bufletins published by 
^ United Statei DepaxtoM^ tjt ii!i^lf0Kllture, covering almost 
e^ery phase of tree diseases^ insect dbitoge, recommended trees for 
;^bithig, etc. These are ^ d<^ihi|d» explicit bulletins put out 
by die D^artxnent of Forssixy covering the practical aspects of 
troe surgery. There is the U.S.D4r Mhce^aneous Publication No. 

Insect Enemies of Eastern Forem, which omits no insect 


worthy of mention. 
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Plate 24. Upper left: Canker on oak trunk. When it spreads all the way around, 
the blanch or the tree will die. Upper rifiht. Wisteria vine on an elm tree. The 
thick vine canopy will eventually kill the tree bv cutting off its light. Loner left. 
Trees banded with a sticky substance The band should be thick enough to en- 
tangle crawling insects and high enough to be out of reach of children. It is 
effective onlv against insects which do not fl\. Lower ri^it A girdling root which 
might kill a tree by strangulation can be removed surgically. 
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Abies nardmanniana^ leaf longevity 
of 28 

Abscission layer 28 
Acacia, sweet, heartwood of 18; leaves 
of 26; roots of 4 
Acacia farnesiana 4, 26 
Aceto-arsenite of copper 121 
Achenes 35 

Adventitious roots 6; twigs 22 
Aerial roots 6 
Aggregate fruits 35 
Agrunycin, for fire blight control 158 
Ahuehuete* See Cypress 
AilanthuSi See Tree of heaven 
Air layering 31 
Albizzia fmibHssin 148 
Alcoholic slime flux 186 
Aldrin, as contact poison 123; as soil 
contaminant 193 
Algae 183 

Ammonium sulfamate, for stump re- 
sprouting control 153 
Ammonium sulf ate^ for cotton root rot 
control 153 

Anaqua, leaf of 29; seed dispersal of 
35 

Anchor roots 100 
Angiosperms 34 

Animals, injury by 187; seed dispersal 
by 35 

Axmual rings, iUus. 8, 15-16; age of 
tree determined by 200 
Anthracnose 155-156; Control of 156; 

prevention of 110; symptoms of 156 
Antibiotics 143-145; lor centred of 
bacteria 143^ of fim^ 143*144 
Antimydrit control of iM^gl 143* 
144 


Ants 127-128; black or carpenter, 128; 
breeding of, m cavities 70; control 
of 128, white, see Termites 
Aphid-cows 127 
Aphids 122. See also Plant lice 
Apples, blight of 144, cavity repair of 
84; crown gall of 160, fire blight 
of 157; fnut of 35; injury frmn 
arsenic^ in soil to 193; receptacle 
of 34; scab fungus of 151-152; shoe- 
string rot of 153; vegetative repro- 
duction of 31 

Aramite, as contact insecticide 123 
Araucaria bidwHU, leaf longevity of 
28 ^ 

Arborvitae» leaves of 28 
Armittaria meUea 153 
Armillaria rot 153 

Arsenate of lead, for octroi of bidl 
moss 116, chewing insects 
Spanish moss 116 
Arsenate of lime, for control of 
ing insects 121 

Arsenical dusts, as ant insecticides 15i8 
Arsenicak, as soil ccmtstminmits 193 
^sh trees, as all-punpose trees 38; 
anthracnose of l5o; fruit of 35; 
lightning injury to 173; of Mexico 
City 4^ See aUo Mountain ash 
Asphaltum mixtures for painting cuts 

A^yxiation .of roots by water 42 
As^vdlomld? 

Atc«p oond» damage 194 
A$ta tesma 128 

Aucidm fapordca, leaf longa^ m 38 
Auxin, as initiator of kkA 116 

Avocado^ contact insectieme 
to 123 


£11 



212 


INDEX 


Bacteria, as agents of disease 135; 
characteristics and definitions of 
137; and leaf diseases 150 
Bagworms 121; season for spraying 
110 

Ball and burlap, for moving 44-48 
Ball moss 183; control by spraying 
115, 110 

Ball of tree, preparation for moving 
45; estimation of weight of 45 
Banana, leaf size of 27; ovary of 34 
Banding, damage by 189; for insect 
control 132 

Banyan-tree, aerial roots of 6; size of 

2 

Bare-rooted tree, moving of 43-44 
Bark, illus, 8, 9-12; inner, illus. 8, 10- 
11, slime flux in 186; outer, illus, 
8, 9-10; pruning injuries to 56; 
repair of 69-70; uses of 12; wounds 
69 

Bark beetle, as carrier of Dutch elm 
disease 146 

Basswood, effect of fertilizer on 105. 
See also Lindens 

Beech, anthracnose of 155; bleeding 
maple canker of 167 
Beetle, European elm bark 146 
Benzene hexachloride, for insect con- 
trol in tree wounds 149 > 

BHC, as insecticide 123; as soil con- 
taminant 193 

Billboard paste, as spreader 114 
Birch, white, cavity repair of 84 
Birches, bark of 12; as favorites of 
East and North 38; Nectria canker 
of 163; pruning of 59; shoe-string 
root rot of 153; witches' broom of 
157. See also Bleeders 
Birds, beneficial 188; damage by harm- 
ful 188; seed dispersal by 35 
Blackberries, gaQs on 159 
Bleeders 59; pruning of 200 
Bleeding, damage from 186 
Bleeding canker, experiments on 142; 

of maple, injections for 107 
Bleeding maple canker 167 
Blight, chestnut 142, 169; fire 157; 
walnut 144. See also Anthracnose; 
Leaf (diseases) 

Blotch 150 


Blower 113 

Books on trees 209-210 
Bordeaux mixture, in control of fire 
blight 158, leaf cast 152, scab fun- 
gus 152, sooty molds 151; for paint- 
ing wounds 60; as preventive of 
le^ spots 150 

Borers 17, 123-127; classification ac- 
cording to damage of 124, according 
to structure of 124; damage of 124; 
flat-headed ( Buprestidae ) 124; life 
histfery of 123-124; methods of con- 
trol of 126-127; methods of entry 
of 124-125; natural enemies of 126; 
protection from 127; round-headed 
( Cerambycidae ) 124; symptoms of 
125; types of wounds from 124-125 
Box elder 42; bracing cavity in 76; 
cabling of 87; cavity repair of 84; 
damage from water level rise to 42 
Boxwood, cavity repair of 84 
Braces, types of 85-98. See also 
Bracing 

Bracing, in cavity repair 76-77; of 
limbs 95, illus, 96, 97; season for 
201; of transplants 5(^51 
Bracing, flexible 85-92. See also 
Cabling 

Bracing, inflexible 85, 92-97; fasteners 
for 94; uses of 92 
Bracing, vertical 97-98 
Branching, types of 20 
Bromeliads 183 
Brown slime flux 186 
Buds, new shoots from dormant 199 
Bull saw 66 

Bulletins on trees, U.S.D.A. 210 
Buprestidae (borers) 124 
Burls 134, 160-161 
Bursera simaruba 31 
Butternut, anthracnose of 155; witches* 
broom of 157 
Buttonwood. See Sycamore 

Cables (flexible braces), attachment 
of 86-88, optimum point of 86, 88- 
89; damage from 178-179; fitting 
and tightening of 92-98; installa- 
tion of 86-92; tension of 86, 89-91 
Cabling (flexible bracing) 85-92; 
materials used in 91; as preventive 
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measure 86; reasons for 85; season 
for 201; tools for 92. See also 
Bracing 
Calcium 104 

Calcium caseinate, as spreader 114 
Calcium chloride, injury due to 193 
Calcium cyanide 131 
Callus tissue 14; in cavity repair 70; 
following lightning damage to wood 
173 

Cambium, illus. 8, 13-14; cork 9 
Canker, bleeding maple 167; Cy- 
tospora 164-165; European 163; 
European larch 139; Nectria 163; 
Norway maple 166; plane tree 165- 
166; Sphaeropsis 163; sycamore 
165-166. See also Chestnut, Ameri- 
can, blight of 

Cankers 161-167; cause of 162; chem- 
ical paint for 158; chemotherapy of 
162; damage caused by 161-162; 
surgical treatment of 162 
Cankerworm 121 
Captan, for leaf-spot control 150 
Carbolineum, toxic as wound dressing 
69-70 

Carbon bisulfide. See Carbon disulfide 
Carbon disulfide, for control of cotton 
root rot 153, of shoe-string root rot 
154; as fumigant 126, 131, for ants 
128 

Carpenter ants 128 
Castanea pumila 164 
Catalpa, cavitv repair of 84 
Caterpillar 119 

Cavity, bracing of 76; definition of 68; 
shaping at bark level 73-74; slick 
81; types of wounds of 69 
Cavity repair 68-84; advice concern- 
ing 83-84; closed cavity procedure 
71-72; concrete filler for 79-80, 
method of application of 80-82; 
essentials of filling for 78-83; open 
cavity procedure 71; principles and 
purposes of 70; response of various 
trees to 84; season for 201; tech- 
nique of 72-83; tools for 73; types 
of fillers for 79-80 

Cedar, red, galls on 158; shape of 21 
Cedar-apple rust 158 


Cerambycidae (borers) 124 
Ceratostomella fimbtiata 165 
Ceratostomella ulmi 146; life cycle of 
146. See also Dutch elm disease 
Chains, damage from 178. See also 
Cables (flexible braces) 

Chalara quercim 148 
Chelating compounds, as remedies for 
chlorosis 185 

Chemicals in soil, injury due to 193 
Chcmotherapeutants 142-143 
Chemotherapy 141-143 
Cherries, anthracnose of 155; borers 
of 17; cavity repair of 84; crown 
gall of 160; fruit of 35; leaf-spot 
fungus of 144; ornamental 40; 
pruning of 65 

Chestnut, American, blight of 141, 
164, crown gall of 160; experiments 
with 142; shoe-string root rot of 153 
Chestnut, Asiatic 141 
Chewing insects 120-122 
Chinaberry, cabling of 87; cavity 
repair of 84; growth of 38; pores 
of 15 

Chinquapin, chestnut blight of 164 
Chlordane, as ant control 128; as con- 
tact and stomach poison 121, 123; 
as soil contaminant 193 
Chlorophyll, function of 24-25 
Chloropicrin 131 
Chloroplasts 25 

Chlorosis 133; causes of and damage 
by 185-186; spraying leaves for 107; 
treatment of 108 
Christmas berry, fire blight of 157 
Chrysanthemum, galls of 159 
Cicada 10 

Cinlers, injury due to 193 
Citrus industry and ladybird beetles 
130-131 

Climatic Pulsation, Theory of 17 
Climatological charts 17 
Clinkers 193 
Closed cavity 71-72 
CooVvpur thorn, fire blight of 157 
Coconut, seed dispersal of 35 
Coddling moth 121 
Collective fruits 35 
Concrete, damage caused by encir- 
cling 170-171; filler 79-80 
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Conifers, branching of 20; effect of 
auxin on root growth of 116; leaves 
of 27-28 

Contact insecticides 122-123 
Contaminants of soil, injury due to 193 
Copper-lime dust, for control of fire 
blight 158, of leaf spot 150 
Copper nail, effect on tree of 196 
Cork 12; cambium 9 
Cotoneaster, effect of auxin on root 
growth of 116; fire blight of 157 
Cotton root rot 152-153 
Cottonseed oil 127 

Cottonwood, flowers of 33; forms of 
21; growth of 200 

Cottonwoods, damage of concrete to 
171; galls of 159; lightning injury 
to 172; water level rise damage to 
42 

Crape myrtle, cavity filling of 84 
Creosote, damage by 189; painting 
wounds with 60; toxic as wound 
dressing 69-70 
Crown, definition of 22 
Crown gall 160 
Crown rot 153 
Cuticle 25 

Cutting methods in pruning 55-56 
Cutworm 121 

Cyanides, as fumigants 131 ^ 

Cycloheximidc Actidione), for con- 
trol of cedar-apple rust 158, of 
cherry leaf-spot fungus, 144 
Cypress, Arizona, crown gall of 160 
bald, deciduous leaves of 28 
Italian, silhouette of 21 
Cypress, importance in climatology of 
17; leaf pattern and structure of 
27-28; longevity of 2; water level 
rise damage to 42 
Cytospora canker 164-165 

2, 4-D 116, 196 
Daddy-long-legs 130 
Damage, to roots from fill 169; to 
trees from sunburn 175; of trees to 
neighbors property, liability of 
owner for 206 
Damp-wood termites 129 
Dasyscapha wiUkommi 139 
DDT, for borers 127; deleterious effect 


of 112; for Dutch elm disease con- 
trol 146; as poison, contact 123, 
stomach 121, 123; as soil contami- 
nant 193 

Decurrent branching 20 
Deep-crotching 62 
Deer, damage done by 187 
Dehiscent fruits 35 
Deliquescent branching 20 
Dendrochronology, definition of 16 
Diagnosis, tools necessary for 134-135 
Diagriostician, qualifications of 134 
Diagonal brace 98 

Diaminoazobenzene dihydrochloride, 
for control of bleeding maple can- 
ker 167 

Diaz, John Paul, and cable technique 
90 

Dichlorethyl ether, as soil fumigant 
131 

Dicotyledons, definition of 12; trunks 
of 12 

Dieldrin, as contact poison 123; as 
soil contaminant 193 
Dimite, as contact poison 123 
Dioecious trees, exaniplas of 33 
Disease (X) of peaches, experiments 
on 142 

Disease-resistant strains, as means of 
disease control 141 
Diseases 133-167; agencies of 135-138; 
common 115-167; control of 138- 
145; definition of 133; diagnosis of 
134-135; manifestations of 133-134; 
organisms causing 135-138; spray- 
ing for control of 115-116, for pre- 
vention of 110; symptoms of 134 
Diseases, of heart wood 187; of leaves 
149-152; of sapwood 187; vascular 
(wilts) 145-149. See also Leaf-curl 
Dithane, as contact insecticide 123 
Dogs, damage by 188 
Dogwood, cavity repair of 84 
DotJiiorella wilt 147 
Drainage, in cavity repair 75-76; 

problems in planting 41-42, 48 
Dritomic sulfur, for control of pow- 
dery mildew, sooty molds, 151 
Drupes, 35 

Diy-wood termites 129 
Dust, damage by 177-178 
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Dutch ebn disease 122, 146-147; cause 
of 136; control of 146-147; experi- 
ments with 142; and vectors 120 

Earth auger 102 
Ehenopsis -flexicaulis 18 
Ebony, durability and hardness of 2; 
heartwood of 18; Mexican, heart- 
wood of 18; pores of 15 
Egg (insect) 119 
Ehretia anacua. See Anaqua 
Elephant’s ear, leaf size of 27 
Elm, American, as all-purpose tree 38; 
damage due to bleeding of 186; 
eflPect of auxin on root growth of 
116; fill damage to 170; moving of 
43; phloem necrosis of 155; silhou- 
ette of 21; Sphaeropsis canker of 
163 

Chinese, bark injury by pruning 
of 56; cavity repair of 84; 
growth of 38 

European, bark beetle, as carrier 
of Dutch elm disease 146 
Siberian, lenticels of 20 
Texas, silhouette of 21 
Elms, anthracnose of 155; bark injury 
of 56-57; bracing (inflexible) of 
92; branches of 20; burls of 161; 
cabling of 87; Cytospora canker of 
165; damage of concrete to 171; 
damage of mistletoe to 180; effect 
of fertilizer on 105; flowers of 197; 
fruit of 35; growth of 200; )f‘aves 
of 28; lightning injury to 172; 
roots of 4, 44, 48; sex of 33; size 
of 26; welwood of 187; wilts of 147 
Endomycin 144 
Endothia parasitica 142, 164 
Environmental damage 168-194 
Enzymes of roots 5 
Epidermis 25 

Epiphytes, damage by 181 
Equipment, manufacture and distri- 
bution of 209 

Eradication, as method of disease con- 
trol 139-140 
Erwinia amylovora 157 
Ethylene dichloride emulsion, as soil 
fi^gant 131 


215 

Eucalyptus, bark of 9-10; damage of 
mistletoe to 80; as favorite of 
Florida and California 38; growdi 
of 38; leaf, color of 27, venation of 
30; size of 2 

Euonymus, crown gall of 160 
European larch canker 139 
Exclusion, as means of disease control 
140 

Excurrent branching 20; trees, forms 
of 21 

Exposure, to sun, damage due to sud- 
den 175; of roots 169 
Extraneous growths on trees 179-180 

Facing, for cavity repair, concrete 
81-82; tin 82-83 
Feeder roots, location of 100 
Feeding by injection 107-108; of trans- 
plants 50 

Ferns, damage by 183-184 
Ferric phosphate 108 
Fertilization (reproduction) 32 
Fertilizers, amount of 105; application 
of 100; formula for 104; frequency 
of 105; function of elements of 103- 
104; injection of complete 108; 
preparation of hole for 100-101; as 
remedy for nitrogen deficiency 185; 
types of 103-104 

Fertilizing (nutrition) 99-108; manner 
of 100, illus. 101, 102-103; reasons 
for 99; season for 105-106, 202 
Ficus 6 

Field mice, damage by 188 
Fig 6, aerial roots of 6; fruit of 35 
Fill, damage caused by 169-170; suffo- 
cation of tree roots by 169 
Fillers for cavity, type of 79-83 
Fir, Douglas, Cytospora canker of 164; 

Sphaeropsis canker of 163 
Fire blight, 157-158; damage by 194; 
of pears 143 

Firs, branching of 20; as favorite trees 
of Northwest 38; leaf cast of 152; 
leaves of 28; longevity of 2; size of 
2, witches' broom of 157 
Fish oil, as spreader 114 
Flexible bracing. See Cables; Cabling 
Flour, as spreader 114 
Flowering almond, crown gall of 160 
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Flowering plum, fire blight of 157 
Flowering quince, fire blight of 157 
Flowers, dioecious 197; male and 
female 197; perfect 197; pistillate 
197; as reproductive organs 31-32; 
staminate 197; types of 32 
Follicles 35 

Formaldehyde, for control of cotton 
root rot 153, of shoe-string root rot 
154 

Frazer, Sir James, and mistletoe super- 
stition 180 

Fruit spurs 65; trees, pruning of 64-65 
Fruits 31-35; collective 35; dehiscent 
35; edible portions of 34; functions 
of 35; indeniscent 35; multiple 35; 
scab fungus of 151; types of 34-35 
Fumigants, of soil 131; types of 131 
Fumigation, for insect control 131 
Fungi, as agents of disease 135; defi- 
nition of 135; as cause of leaf 
diseases 150; oak wilt 149; shelf 
136; types of 135-136; wood-rotting, 
introduced bv tnmk injections 108. 
See also Calls 
Fusarium perniciosum 148 

Gall, cedar-apple 144 
Gall nuts 160 

Galls 158-160; bacteria, fungi and in- 
sects causing 158-160, hypertrophy 
caused by 134; useful 160 
Gasoline, root injury due to 193 
Geiger counter, use in tracing nutrient 
absorption 107 

Giant sequoias, leaves of 28, longevity 
of 2 

Ginkgo, as all-purpose tree 38; dust- 
and soot-resistant leaves of 178 
Girdling 9, 10-11; roots, damage by 
184-185 

Glands, of leaves 30 
GloeosjyoHum 155 

Glue, in red spider spray 114, as 
sticker 114 

Goldenrain tree, cavity repair of 84 
Grafting 31 

Grapes, galls of 159; seed dispersal 
of 35 

Grasshopper 121 

Growth, of trees 199-200; age and 
200; in dicotyledons and mono- 


cotyledon* 200; effect of hormones 
on 116; and planting, rapidity of 
38; in plants, essentM insredienu 
for 103-104 

Growths, damage by extraneous 179- 
185 

Grub 119 
Guard cells 25 

Gumbo-limbo, vegetative reproduction 
of 31 

Gymtjosperms 34 

Gymriosporangium juniperi-oirginianae 
158 

Hackberry, adventitious roots of 6, 
mistletoe damage of 180; roots of 
4; seed dispersal of 35; sex of 33; 
silhouette of 21; vegetative repro- 
duction of 31; witches' broom of 
157; wood of 18 
Hail, damage by 176 
Hand sprayers 114, 209 
Hardpan 42 
Harvestman 130 

Hawthorn, English, fire blight of 157 
Heart rot 19 

Heartwood illus, 8, 17-19; disease of 
18-19; slime flux of 186; use of 18 
Hemlock, leaf cast of 152; witches' 
broom of 157 

HETP, contact insecticide 123 
Hickory, anthracnose of 155, cabling 
of 87; growth of 200; shagbark, 
chestnut blight of 164; witches' 
broom of 157 
Htguerones 6 

Holes, for fertilizer, devices for 102; 

for planting, preparation of 41-42 
Honey locust 157 

Honeysuckle, effect of auxin on root 
growth of 116 

Hops, Verticillium wilt of 143 
Horizontal (diagonal) brace 98 
Hormones, for cuttings 116; for plant 
growth acceleration or retardation 
116; for root formation 116; as 
spray for fruit production 116; as 
stump resprouting preventive 196; 
for transplants 52, 116 
Horse chestnut, anthracnose of 155; 
leaves of 26 
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Horse chestnuts, of ^ 

House paiuts, iot wounds 60 
}{uisache 18, 2.6 
Hunting wasps m live oaks 10 
Huntington, Ellsworth, and Theory of 
Climatic Pulsations 17 
Hydraulic pressure, basic principle of 
112 


Hydrocyanic gas, as insect fumigant 
131 

Hyperplasia 133 

Hypertrophy 133-134. See also Burls; 
Galls; Leaf-curl 

Hypoplasia 133-134. See also Chloro- 
sis 


Ice, damage by 176-177 
Ichneumon fly in bark and wood 10; 

enemy of borer 126 
Ilex aquifolium, leaf longevity of 28 
Illuminating gas injury 190-101 
Immunization, as means of disease 
control 140 

Incense cedar, crown gall of 160 
Indehiscent fruits 35 
Indolebutyric acid, as root growth 
stimulant 52, 116 
Infectious agents 137 
Inflexible bracing 92-97. See aho 
Bracing 

Injection, as means of feeding liquids 
107, solids 108; as remedy for ab- 
normalities 107 
Inner bark 10-12 

Insecticides, contact and stomach 121- 
123. See also Poisons 
Insects 118-132; beneficial 120; as 
carriers 120; chewing 120-122; 
climbing 132; control of 115, 121- 
123; damage caused by 119-120; 
divisions of 120; and economy of 
nature 120; forms of 119; galls 
caused by 159-160; harmful 118- 
130; life history of 119; natural 
enemies of 120; as potential sur- 
vivors 118; sucking 122-123; types 
of 120-129; contrasted with verte- 
brates 118. See also Leaf insects; 
Leaves, diseases of; Poisons; Spray- 
ing 

Iron, deficiency 185 (see also Chloro- 
sis); and magnesium 104; nails. 


^ect ott bearing of fmlf ftw of 

196 

Iron salts, as treatment iot ddorosis 

108 

Iron sequestrene complex 185-188 
Iron sulfate 185 
Italian cypress 21 

Jujube, vegetative reproduction of 31 
Jump cut in pruning 57 
Juniper, branching of 20; crown gall 
of 160; leaf cast of 152; leaf pat- 
tern of 27 
Juniperus 21 

Kerosene, as diluent, damage by 189; 
as insecticide for ants 125; as pre- 
ventive of stump resprouting 196; 
root injury due to 193 

Lacing of ball for moving 46 
l«id) beetles 130 

Ladybird beetles 130-131; and citrus 
indiistiy' 130-131; as enemies of 
scale and aphids 131 
Ladybugs 130 

Larch, deciduous leaves of 28 
Larches, leaf cast of 152; shoe-string 
root rot of 153; witches' broom of 
157 

Larva of insects 119 
Laurus nobilis, leaf longevity of 28 
Leaf diseases, browning 152; cast 
152; -curl 134; scorch 192; spot 
150; wilting 192. See also Leaves, 
diseases of 

Led insects, cutter 128; hopper 122, 
miner 121; roller 121 
Leaves 23-30; blades of 25-26; color 
of 27; deciduous 28; development 
of 29; evergreen 28; falling of 28- 
29; fi rmation of new 199; function 
of 23-24, longevity of 28; patterns 
of 27; pubescence of 29; shape of 
2'', size of 26-27; structure of 25- 
30; types of 26 

Leaves, diseases of 149-152. See also 
Leaf diseases 

Lenticels 19-20; clogging of 177; 

lichen growth blocl^g 116 
Leucophyllum texanum 27 
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Lice. See Plant lice 
Lichens, damage by 116, 182-183; 
description or 116; spraying as con- 
trol for 115-116 
Lightning injury 172-173 
Lignum vitae, aurability and hardness 
of 2 

Limbs, bracing of 95, Ulus. 96, 97, as 
preventive of friction 95-96; lower- 
ing during pruning of 57-58; point 
for cutting o£F 203; pruning of 63- 
64 

Lime-sulfur, as contact poison 122, 
123; for control of anthracnose 156; 
of scab fungus 152 

Lindane, as contact and stomach 
poison 121, 123 

Limens, as all-purpose trees 38; an- 
thracnose of 155; of Berlin 40. 
See abo Basswood 
Live oak. See Oak, live 
Locust (cicada) 10 
Locust, black, cavity repair of 84; 

shoe-string root rot of 153 
Locust, fruit of 34-35; leaves of 26 
Locust, honey, witches’ broom of 157 
Lye solution as spray 116 

Madrone, leaf color of 27; outer bark 
of 9-10 / 

Madrono 27 
Maggot 119 

Magnesium and iron, as fertilizer 104 
Magnesium arsenate, as insecticide 121 
Magnolia, cavity repair of 84; fruit 
of 35; heartwood of 18 
Malathion, as contact poison 123 
Man, seed dispersal by 35 
Man-eating trees 30 
Mango-tree, leaf color of 27 
Maple, hard, as all-purpose tree 38; 
damage due to bleeding of 186; 
effect of auxin on root growth of 
116; paint damage to 189 
Norway, bleeding maple canker 
of 167; Norway maple canker 
of 166; Verticillium wilt of 147 
red, bleeding maple canker of 
167; chestnut blight of 164 
silver, cavity repair of 84 


Maple — Continued 

sugar, bleeding maple canker of 
167 

sycamore, bleeding maple canker 
of 167 

Maples, anthracnose of 155; bleeding 
canker of 142; crown gall of 160; 
flowers of 197; fruit of 35; leaves 
of 28; lightning injuiy to 172; 
Nectria canker of 163; pruning of 
59; seed dispersal of 35; shoe-string 
root' rot of 153; treatment of 107; 
Verticillium wilt of 147. See abo 
Bleeders 

Mealy bugs 122 
Medullary rays 19 

Mesquite, borers of 17; burls of 161; 
damage due to bleeding of 186; 
fruit of 34-35; heartwood of 18; 
leaf size of 26; mistletoe damage to 
180; pores of 15; roots of 4; uses 
of 15 

Metamorphosis 119 
Methoxychlor, as contact and stomach 
poison 121, 123; as soil contami- 
nant 193 

Methyl bromide, as soil fumigant 131 
Midges, as cause of galls 159 
Mimosa pudica 30 
Mimosa tree 148 
Mimosa wilt 148 

Miscible oils, as contact poisons 122 
Mist blower 113 

Mistletoe, as cause of witches’ brooms 
180; damage by 179-181; experi- 
mental remedies for 181; radioactive 
salt injection test for 180; removal 
of 180 

Mites 122; control 123 
Miticide 123 

Monocotyledons, definition of 12; 

trunks of 12 
Moose, damage by 187 
Mosquitoes, cavities as breeding 
places of 70 

Moss, Spanish 183; spraying as con- 
trol for 115-116 

Moss, damage by 183-184; on tree 
trunks 185 

Motor oil, root injury due to 194 
Mountain ash, cavity repair of 84; 
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fire blight of 157; shoe-string root 
rot of 153 

Moving, definition of 36. See also 
Transplanting; Tree moving 
Mulberry, fruit of 35; sex of 33 
Mulberry, paper, bark of 12 
Multiple fr^ts 35 
Mushroom rot 153 
Mushrooms 136 

Naphthalene, as soil fumigant 131 
National Shade Tree Comerence 39, 
204 

Necrosis 133 
Nectria canker 163 
Needle cast of conifers 152 
Nicotine, as fumigant 131 
Nicotine sulfate, as contact poison 123 
Nitrogen 103-104; deficiency 185. See 
also Chlorosis 
Norway maple canker 166 
NutgaUs 160 

Nutrient absorption by roots 5; de- 
ficiencies 185-186 
Nymph 119 

Oak, black, cavity repair of 84; effect 
of auxin on root growth of 116 
blackjack, mistletoe damage to 
180 

live, leaves of 28; silhouette of 
21; vegetative reproduction of 
31; as favorite in South 38; 
fill damage to 170; mist!<^toe 
damage to 180, bleeding maple 
canker of 167; insect pests of 
10; oak wilt of 148 
pin, as all-purpose tree 38; 

remedy for chlorosis of 185-186 
post, fill damage to 170; mistle- 
toe damage to 180 
red, as all-purpose tree 38; effect 
of auxin on root growth of 116 
Spanish, as favorite in South 38 
MOiite, pores of 15; as all-purpose 
tree 38 

Oak apple 160; wilt 148-149 
Oaks, anthracnose of 155; bark of 12; 
bracing activities of 77; branching 
of 20; burls of 161; cabling of 87; 
dhestnut blight of 164; fertilizers 


for 105; gall of 159; growth of 38, 
200; leaf size of 26; lichens on 116; 
lightning injury to 172; longevity of 
2; mistletoe on (superstition) 180; 
monoecious flowers of 197; o^-wilt 
of 148-149; self-pruning of 22; sex 
of 2; shoe-string root rot of 153; 
S^haeropsis canker of 163; U-crotch 

Oil emulsions, as contact poisons 122 

Old man*s beard 183 

Oleander, crown gall of 160 

Obve, longevity or 2 

Open cavity 71 

Opossums, damage by 188 

Orange shellac, for cavity repair 75; 

as tree paint 189; for wounds 60 
Orthodichlorobenzene, as contact in- 
secticide 126-127, for ants 128 
Osage orange, sex of 33 
Osmanthus aquifolium, leaf longevity 
of 28 

Ovotran, as contact insecticide 123 

Paint (chemical), for cankers 158; 
injury by 188-189; methods of appli- 
cation 61, for wood surfaces 74-75. 
See also Cavity repair; Pruning 
Paint poles, use of 61 
Palisade layer 25 

Palms, as favorite trees in Florida and 
California 38; growth of 200; of 
Los Angeles 40; shape of 21; trunk 
of 12 

Palo de Brasil, durability and hard- 
ness of 2 

Papayas, shape of 21 
Paper mulberry 12 

Paradichlorobenzene, as soil fumigant 
131 

Parasites 135-136; characteristics of 
136; chemotherapy for control of 
137 

Parathion, as contact insecticide 123 
Paris green, as spray for chewing 
imects 121 

Parkway trees, legality of recovering 
damage to 206-207; removal of 208 
Pathogenic particles 137 
Peach, cavity repair of 89; fruit of 
35; pruning of 65 
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Peaches^ Cytaspora canker of 165; 
(peach tree; leaf spot of 144; 
X disease of 142; (peach) yellows 
of 137 

Pear, efiPect of fertilizers on 105; fruit 
of 35; pruning of 65 
Fears, blight or 144; crown gall of 
160; fire blight of 143, 157 
Pecan, roots of 4; seeds of 34; taproot 
of 4, 44; vegetative reproduction of 
31 

Pecans, effect of fertilizers on 105; 
as favorites in South 38; mistletoe 
damage of 180 

Pentachlorophenol, for oak-wilt con- 
trol 149 

Persimmon, heartwood of 18; seed 
dispersal of 35 
Petiole 25 

Petroleum oils, as diluents, damage by 
189 

Phenyl mercury acetate, for control of 
shoe-string root rot 154 
Phloem 10-12 
Phloem necrosis 137, 155 
Phosphorus, function and application 
of 104 

Photosynthesis 24-25 
Phylloxera 159 

Phymatotrichum omnivorum 1^ 
Phymatotrichum root rot 152 
Phytophthora cactorum 167 
Phytophthora cambivorum 166 
Pill bugs 130 

Pine, Sphaeropsis canker of, Austrian, 
Mugho, red, Scotch, white 163 
Pine oil, as tree paint 169, tar, as 
tree paint 59 
Pineapple, fruit of 35 
Pines, annual rings of 16; branching 
of 20; as favorites in Northwest 38, 
leaf oast of 152; leaves of 27-28; 
lightning injury to 172; pruning of 
55; sapwood of 17; shoe-string root 
rot of 153; silhouette of 21; size of 
2; Sphaeropsis canker of 163; 
witches' broom of 157 
Pinus pinsapo, leaf longevity of 28 
Pirone, P. P., description of bleeding 
maple canker 167; of Norway maple 
career 166 


Pith, Ulus. 8 

PitheceUobiufn fkxicaide 18 
Pittosparum tobita, leaf longevity of 
28 

Planetree canker 165-166 
Plant lice 122; as cause of galls 158- 
159; season of spraying for 110 
Planting 36-51; philosophy of 36-37; 
preparation of holes for 41-42, 
season for 201; sources of trees for 
40^1 

Plum, fruit of 35 

Plums, anthracnose of 155; crown gall 
of 160; plum curcuHo of 110; prun- 
ing of 65; toxaphene damage to 123 
Pods 35 

Poison ivy, oak and sumac 30 
Poisons, contact and stomach 121-123, 
for termites, injections of 129 
Pole saw 66 
Pollarding 55 
Pollination 32 
Pome 35 

Poplar, Carolina, Cytospora canker 
of 165 

Lombardy, cavity tepair of 84, 
silhouette of 21 

silver, vegetative reproduction of 
31 

silver-leaf, Cytospora canker of 
165 

Poplars, anthracnose of 155, cavity 
repairs of 84; crown gall of 160; 
dust resistance of leaves of 178; 
lightning injury to 172; moving of 
43, of Paris sex of 33, shape 
of 21; shoe-string root rot of 153 
Pores 15. See Sapwood vessels 
Posthole digger 102 
Potash 104 

Potassium, functions of 104 
Potassium cyanide, as fumigant 131 
Potassium phosphate, as fertilizer, ex- 
perimental injections of 108 
Potassium sulfide, as contact poison 
122 

Potato beetle 121 

Powdery mildew 136; description of 
151 

Power saws 208 
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Power sprayers 112-113, 209 
Power spraying, deleterious effects of 
114-115; precautions against 114- 
115 

Fraying mantis 130 
Prevention, as means of disease con- 
trol 138. See also Protection 
Prickly ash, petioles of 29 
Protectant, definition of 142 
Protection, as means of disease control 
138-139 

Pruning 53-67; bark injury from 56; 
cuts, painting of 59-60; of dead- 
wood 54; definition of 53; direc- 
tional 62-63; limbs overhanging 
property line, legal right of 205; 
of live wood, procedures and reasons 
for 54-55; lowering limbs during 
57-58; near buildings 63-64; season 
for 58-59; side 62; tools for 65; 
top 51; of transplants 51-52 
Pruning saws 65-66 
Pseudomonas tumefaciens 160 
Psyllids 122 
Pull saw 66 
Pulvini 30 
Pupa 119 
Push saw 66 

Pyracantha, fire blight of 157 
Pyrethrum, as contact and stomach 
poisons 122-123; as spray for chew- 
ing insects 121 

Quarantine, 140 

Quebracho, durability and hardness of 
2; heartwood of 18 
Quercus infectoria, galls of 160 
Quercus virginiana 28 
Quince, crown of 160; fire blight of 
157; fruit of 35 

Rabbits, damage by 187-188 
Radiation of soil, damage to roots by 
195 

Radioactive salt injections, as test for 
mistletoe damage 180 
Raspberry, friiit of 35; leaf-curl of 137 
Red cedar 21, 158 
Red spider, spray for 114. See also 
Mites 

Redbud, cavity repair of 84 


m 

Redwood, bark of 10, 12; leaves of 
28; longevity of 2; root development 
of 5 

Redwoods, importance in climatology 
of 17 

Reindeer moss 183 
Resin, as spray 114 
Resinosis 164-165 

Resistant strains, development of 140 
Respiration 25 

Roaches, cavities as breeding places of 
70 

Rodents, damage by 187-188 
Root hairs 3, 5 
Root rot 152-154 

Roots, aerial 6; adventitious 6; anchor 
100; damage of exposure and sud- 
den change to 169, of salt to 193, 
of soil radiation to 195; diseases of 
152-154; enzymes of 5; feeder 100; 
function of 3-5, lateral 4; location 
10; structures of 4 
Ropes, damage to trees from 178 
Roses, fire blight of 157; galls of 158 
Rotenone, as contact poison 122, 123, 
for ants 128; as stomach poison for 
chewing insects 121 
Rothane, as contact poison 123 
Royal Paulownia, cavity repair of 84 

Salt, as preventive of stump resprout- 
ing 196; root injury due to 193 
Salt water, injury by 189-190 
Samaras 35 

Sap of bark, acoholic slime flux of 
186; of heartwood, brown slime flux 
of 186; of sapwood, alcoholic slime 
flux of 186 
Sap ophytes 135 

Sapsucker, damage to trees by 51, 198; 

as enemy of borer 125-126 
Sapwood, illus, 8, 14-17; alcoholic 
slime flux of 186; disease of 187; 
enemies of 17; function of 14; uses 
of 17; vessels 15 
Savi’flv 121; larvae of 10 
Saws for pruning 65-60, 208-209 
Scab fungus 151-152 
Scale 122, 131; season of spraying for 

no 

Scolytus multistriatus 146 
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Seed dispersal 35; production 31-35 
Sensitive plant, putvini of 30 
Sequoias, importance in climatology 

Serviceberry, fire blight of 157; 

witches' broom of 1^ 

Sex in trees 33 
Shade trees, pruning of 55 
Shellacking in cavity repair 74-75 
Shoe-string root rot 153-154; des- 
cription of parasite causing 136 
Shoots from trunk, production of new 
199 

Side-pruning 62 

Silhouettes of trees 21-22 

Silktree 148 

Silky acacia 148 

Silverleaf, Texas, leaf color of 27 

Slime flux 186-187 

Slings for moving 47-48. See also 
Tree moving 

Smoke, damage by 177-178 
Snow, damage by 176 
Soap flakes and liquid, as spreaders 
114 

Sodium cyanide, as fumigant 131 
Sodium fluoride, as contact poison 121, 
for ants 128 

Soil, contaminants of 193; damage to 
roots by radiation of 195; a^ fumi- 
gants of 131; improvement of 106- 
107 

Solid-phase feeding 5 
Soot, damage by 177-178 
Sooty molds 151 
Sow bugs 130 

Spanish moss. See Moss, Spanish 
Sphaeropsk canker 163 
Spiders 130 

Spirea, fire blight of 157 
Splits (limbs), inflexible bracing of 
95; (trunks), inflexible bracing of 
93-94 

Spondias mombin 29 
Spongy parenchyma 25 
Sprayers, sources of supply of 209; 
types of 112-113 

Spraying (for disease and insect con- 
trol) 109-117; advice concerning 
117; factors to consider before, 109- 
110; protection of operators during 


115; repetition of 111-112; seasons 
for and timeliness of 110-111, 201; 
technique of 113-115; uses of 115- 
116. See also Diseases, control of; 
Insects, control of 

Spraying (as means of feeding) 107 
Spreaders, in spriw solution 114 
Spruce, Colorado blue, Cytospora can- 
ker of 164 

Kosters blue, Cytospora canker 
of 164 

Norway, Cytospora canker of 164 
Spruces, branching of 20; as favorite 
trees of Northwest 38; leaf cast of 
152; shape of 21; shoe-string root 
rot of 153; silhouette of 21; witches' 
broom of 157 

Squirrels, damage by 187-188, 198; 

guards against 188 
Stagheading 192 

Staghorn sumac, chestnut blight of 
164 

Stem of leaf 25 
Stickers, in spray solution 114 
Stomata 25; clogging of 177; and 
fungus infections 26 » 

Stone fruits 35 
Strawberry, fruit of 35 
Street trees 39-40 
Streptomycin 144 

Stumps, prevention of resprouting of 
196 

Suckers 22; pruning of 22 
Sucking insects 122-129; control of 
122-123; examples of 122 
Suffocation, of leaves by soot and dust 
177-178; of roots by fill 169-170, 
177; preventive of 202-203; by 
water 42, 177 

Sulfur, as fumigant 131; dusts, as con- 
tact poisons 122; spray for leaf- 
spot control 150 
Sunburn 174-175 
Sunscald 175 

Sweet acacia. See Acacia, sweet 
Sweet gum, as all-purpose tree 38 
Sycamore, as alljiurpose tree 38; 
anthracnose of 155; canker 165-166; 
crown gall of 160; damage of paint 
to 189; fruit of 35; growth or 38; 
moving of 43; outer bark of 9-10; 
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seed dispersal of 35; sh^ of 21; 
shoe-string root rot of 153 
Systemic fungicide 143 

2, 4, 5-T, as preventive of stump 
resprouting 196 
Tank sprayers 112 
Tannin 12 

Taproot 4; location of 100 

Tar and derivatives, damage by 189; 

as preparations for wounds 160 
Target canker 163 
Taxus baccata, leaf longevity of 28 
Teale, Edwin Way, praying mantis of 
130 

Tear gas, as plant poison 131; as soil 
fumigant 131 

Temperatures, damage caused by low 
171-172 

Tent caterpillar 121 

TEPP, as contact poison 123 

Termites 129; role in nature 129; 

subterranean 129 
Terramycin 144 

Tetraethyl pyrophosphate, as contact 
poison 123 
Texas root rot 152 
Texas silverleaf, leaf color of 27 
Thimble, in cabling 90-91 
Thrips 122 
Toadstool 136 
Tobacco mosaic virus 137 
Tomatoes, Verticillium wilt of 143 
Tomentum 29 

Tools for cabling 92; manufacturers 
and distributors of 208-210; for 
pruning 65-66; as transmitters of 
disease 136; for tree care 208-210 
Top pruning 51 

Topping, definition of 55; and tree 
silhouette 22; for wire clearing 62 
Toxaphene, as contact poison 123 
Tracing 69, 127 
Transpiration 25-26 
Transplanting, definition of 36; size 
of trees for 202 

Tree of heaven, cavity repair of 84, 
127; leaf glands of 30; leaf resist- 
ance to dust and soot by 178; pores 
of 15 


Tree moving 42-47 
Tree work, cost-plus basis for 203 
Tree worker, reliability of 204, 209 
Tree-wrap material for transplants 51 
Trees, age and growth of 200; bracing 
of limbs of 95, Ulus, 96, 97; branch- 
ing of 20-23; cavity fillings of 84; 
classification of 34; competent re- 
pair work of 205; control by State 
Highway Department of highway 
207; damaged by fire 194; defini- 
tions of 2; differentiation of 1-3; 
durability and hardness of 2; effect 
of hormones on growth of 1 16; 
extraneous gro^vths of 179-180; 
feeding by injection of 107; growth 
of 13-14; income tax deductions 
for damage of 207; inflexible brac- 
ing of split limbs of 95; legality of 
cutting boundary-line 205-206; 
legality of removal of parkway 206; 
liability of owner for damage by, 
206; longevity of 2; physiology of 1- 
35: placing of transplanted 198; for 
planting, size of 37; poison proper- 
ties of 30; popular beliefs concern- 
ing 196-199; qudlifications for plant- 
ing of 38-39; reproduction of 30-35; 
season for removal of 201; sex of 
33, 197; silhouette of 21-22; size 
of 2; species for street 39-40; struc- 
ture of 31-35; superstructure of 
20-23; fur transplanting 202; wel- 
fare of 200-201; woodiness of 2. See 
also Transplanting; Tree moving 
Triton X-100 121 

Trnaks 7, Ulus. 8, 9; cross section of 
til us. 8 of dicotyledonous 12; in- 
flexible bracing of split 93-94; of 
monocotyledonous 12; new shoots 
of 199; outer growth of 199, shape 
7-8; wrapping for transplanting 51 
Tulip tree, is all-purpose tree 38; 

lightning injury to 172 
Tmnbiickle, in cabling 89 
Tussock moth 121 
Twig pruner 66-67 

U -crotch 92 
Ulmus pumila 20 
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Ultra-microscopic principles 137 
Urea, experimental injections of 108 
U-S.D.A, yearbooks ( Trees, Insects, 
Plant Diseases) 210 

Vascular diseases 26, 145, 245, 249 
Vascular rays 9, 19 
V-crotch, inflexible bracing of 92-93 
Vectors 120 

Vegetative reproduction 31 
Veins, for cavity repair, artificial 74 
Venation 25 
VergUenza, 30 
Vertical bracing 86, 97-98 
Verticillium wilt, of elms 147; of hops 
and tomatoes 143 

Viburnum, effect of auxin on root 
growth of 116 
Vines, damage by 182 
Viruses, as agents of disease 135; 
definition of 137; and insect control 
137-138 

Walnut, black, effect of auxin on root 
growth of 116 

English, crown gall of 160 
Walnuts, anthracnose of 155; borers 
of 17; branching of 20; buds of 
161; damage due to bleeding of 186; 
effect of fertilizers on 105; as ^vor- 
ites of East and North 38; heart- 
wood of 18; silhouettes of 21; wal- 
nut blight of 144; witches’ broom 
of 180. See also Bleeders 
Wasps, as cause of galls 159 
Water, overabundance of 192 
Water deficiency, cause of 192, in- 
jury due to 192, remedy for 192 
Water lilies, leaf size of 27 
Watering, during planting 49 
Watersprouts 22; pruning of 55. See 
also Suckers 

Wax, of leaves, as protection against 
dust and soot 178; as spray for 
transplants 52; use of, for wounds 
60 

Webworm 121 

Weed killers 116; injiuy due to 193 
Wetwood 187 
Wheelbarrow sprayers 112 


Whitewash, as control of dimbing and 
boring insects 132 

Wilding, qualifications for moving of 
40-41 

Willow, silhouette of weeping 21 
Willows, anthracnose of 155; cabling 
of 87; cavity repair of 84; crown 
gall of 160; damage by water level 
rise to 42; lightning injury to 172; 
pores of 15; scab fungus of 151, 
152; sex of 33; vegetative reproduc- 
tion of 31 

Wilts, 145-149; Dothiorella of elm 
147; mimosa 148; oak 148-149; Ver- 
ticillium 147. See also Dutch elm 
disease 

Wind, damage by 173-174; seed dis- 
persal by 35 

Wire clearing 62-63; damage from 
178-179 

Witches’ broom 156-160; from dwarf 
mistletoe 180 

Wood, grain of 19, removal of dead 
or diseased 72-73, uses of 14. See 
also Heartwood; Sapwood 
Wood borers 123-127; fiitroduced by 
trunk injections 108 
Woodpeckers, as beneficial birds 198; 

as harmful birds 188 
Worms 119 

Wounds, dressings for 59; repair of 
bark 69; scar tissue of 69; special 
treatment for old 60-61; tree versus 
animal 69; types of 69 
Wrapping of trunks of transplants 51 

Xylem 13. See also Sapwood 
Xylene 121 

Yearbooks {Trees, Insects, Plant Dis- 
eases), U.S.D.A. 210 
Yellow mombin, leaves of 29 
Yellowwood, cavity repair of 84, dam- 
age due to bleeding of 186; prun- 
ing of 59. See also Bleeders 
Yew, crown gall of 160; longevity of 2 
Yuccas, gro>^ of 200 

Zinc oxide for wounds 59 



